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INTRODUCTION. 


Section I-. . 

THE ’NATURE OF DISEASE. 


L^itation op the Conception of UiSEAS'fe. 

Our first task is evidently the necessity for defining the province of 
which we will treat and for exoounding what we understand by the term 
“Disease.” 

If we call “sick” only thoje cases in which the organism undergoes such 
a disturbance in its functions that its existence seems threatened, we will be 
in a dilemma when we cc^isider ,the changing developmental forms of our 
cultivated plants, for we U'ill then discover that the above explanation is in- 
sufficient. We know, for example, that our species of cabbage, kohlrabi and 
cauliflower are descended from a plant similar to bank-cress which, in its 
natural development as a wild plant, shows no- tendency toward the forma- 
tion of large leaf-buds such as cabbage heads, nor of root-like swellings of 
the stem, as kohlrabi. These vegetables have been produced by selection and 
cultivation and are characterized by a condition which we terra parenchy- 
matosis, because the woody elements have* been replaced by a tender 
parenchyma, due to the high degree .of nitrogeit continuously supplied from 
generation to generation. In dry, ho.t summers young plants grown o^ soils 
poor in food materials begin to* show ‘a marked ripening and,- in connection 
with this, a reddish blue* tone in their leaves. In case kohlrabi, under such con- 
ditions, makes any development worth mentioning, it becomes "stringy,” 
that is, its flesh is traversed by tough, hard fibres, making it “woody.” Investi- 
gation shows that the kohlrabi plant by the curtailment of the supply of water , 
and food materials is well on the way'toward again developing a wood-ring 
with prosenchymatic elements,*as foujid constantly in the wild plant. *Very 
similar conditions are found in ca/rots in, which our normal uncultivated 
plant possesses a solid woody root, rich in sta^b’- f^nr cultivated varieties, 
on the contrary, have become’ t«i^, fleshy Structures ; the best containing no 
starch at all blit the greatest (lossible amount of sugar. Only in the so-called 
fodder vjrieties, as, for example^ the white giant carrot, is stjll shewn an 
abundance of starch? Hpffm^n-Gi«sen has experimentally developed 
cultivated carrot back to the wild fonji. 

' 5 Now, is tlSi cultivated form 4 diseased condition siijce it actually sue-.- 
ieUmbs more easily to certain disturbji^dnfluences, or is the reversion of 
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cultivated plant to the noma! wild dite to be considered a disease ? lifi any* 
case this reversion is a condition which must be combatted as it is evidently 
unfitted for our cultural efforts. 

In considering such examples we see that, in treatiilg questions of dis- 
ease, we shall have to follow two lines of work. We. must n^uraHy" first 
keep the organism’s aim in sight. And this aim, which the organism derives 
from its very origin, is to live, andjn fact to live as long as possible. Every- 
thing, which has pnce been originated persists as the effect of the causes 
leading to its production, until a stronger factor arises whieh disturbs the 
fixed order and brings about other groupings of material, fom and function 
(an inseparable trinity). But, up to the tinie of interference of siich a factor, 
the developed fndividual, with the sum total of*the forces inherent in its 
substance, maintains its then existing order, that is, its individuality, to which 
a generally definable age limit is set. This necessary mechanical defense (^f 
its individuality against the constant attacks of external factors be 
termed the “force of self-preservation.” In following the second line, the 
aim of cultivation, developed from tlie relation of the plants to human needs, 
is an added important factor. These conditions of the vegetable organism 
opposing our cultural endeavors will be combatted as inexpedient. But such 
conditions need in no way threaten the existence of the individual and there- 
fore, according to the aboi'e explanation, are not diseases. Yet they belong to 
the province of the pathologist as disturbances which must be consid^d 
and overcome. 

In limiting the conception of disease, we meet with similar difficulties in 
double blossoms, in as much as this doubleness is due to the fact that the 
stamens have been changed into petals and in doing this have deformed the 
pistil. This leads to sterility. TTie length of life of the individual plant is not 
injured in any way by this sterility, but, on the conlraiy', is actually length- 
^ed <as, for example, in double petunias. But the aim of the species is 
affected since such double blossoms are no longer abje to prbduce seeds. If 
this kind of doubling becomesjgeneral, such species must die out in case all 
vegetative reproductive organs are missing. This variation in structural 
levelopment, threatening the . existence of the * species, however, is 
directly sought for in cultivation and any teverSion to tlie normal* seedbear- 
ing form IS selected out. Here indeed the aim of cultivation contradicts the 


natural aim and pathology tries Wd to overcome the natural trend opposed 
io the momentary direction of the cultivation, although in doing this, it di- 
rectly threatens the existence of the species. 

Such antagonisms are very' numerous.' ‘ In the list of cases in which 
mly individual organs become diseased, one such local disturbance can in- 
luence injuriously the organism as a whole,' but can yet be useM to the 
ndmdual. We would call attention here to .the dropping bf young fruit due to 
Iro^ht. The cultural aim is naturally' interfered with Wt the economy^ 

' material!, ' 

vluch would have been used in maturing the,fruit. As a result of tills, tiw| 



tree is not only in a position to developithe next set of leaves, but also to set 
numerous fruit buds, which would have remained suppressed had a full^rop 
exhausted the store. When late frosts injure the blossoms and young fruit, 
the individual organs are certainly severely sickened ;md fall off later; bpt 
the ^e itsplf has the advantage of saving a quantity of food matqfwU As ‘ 
often happens, the cultural purpose can also profit in this case, beoajtee the- 
blossoms developing after the action of the frost yield more perfect fruit 
and thus an increased revenue. 

■piis defines clearly the difference between pure aiM applied s&ence. 
Pure science studies the process of disease in itself and can be only cSllulat 
pathology, while applied science .takes into consideration the effect on, the 
diseased individual and its agricultural significance. We gaust unite Wth 
fonps of science since we take the purely scientific studies as the basis of 
our considtration and explanation of the economic effects of the atta^ of 
sickness. •' « 

The considepition "of the cultural needs fprees us to the followiftg 
division of our subject; first of all, we will have to consider all cases which 
threaten the individual aim' of the organism, i. e. its longest possible life; — 
these are absolute diseases. Then we must discuss the disturbances which 
the momentary' cu/lwrai aim experiences and which we term relative diseases. 
These relative diseases may yary since what cultivation considers worth striv-. 
ing for to-day may be neglected to-morrow. For example, with savoy, ever^ 
rgversion of the plant to Brussels sprouts is a disturbance of the* cultural 
aim to be avoids by changing the seed. If we intend growing Brussels 
sprouts, however, each variation of these plants toward the savoy form is a 
deterioration, undesirable in cultivation. Finally, malformations are usually 
unimportant agriculturally but must be considered. Such malformations 
may be a maturing of organs in a manner differing from the usual process 
of development. These natural occurrences, which, we believe, ma;]^ often 
be traced back, to changes in pressure conditions and other mechanical Ih- 
fluences due to the formation of the organgj. constitute a special branch of 
knowledge, — Teratology. Ttiis is, however,'*to be considered as one branch 
of pathology and we will have to draw into our discussion these phenomena 
so far as their causes are known.or may be surmised with some certainty., 
The method of treating the matjrial which falls under the province of' 
the study of plant diseases or Phytopathology, will have to be accorifing to 
the following scheme; — 

I. Pathography or symptomatics, i; e., the de^hpidaB of the 
disease according to its individual signs or 'symptoms.*' 

II. Pathogeny or etiology, namely, investigation as to the cause 

of the disease. Only after the' causes are known is it possible td* 
bring into use _ • 

III. . Therapy or the stidy of healing methods and to draw 

into the discussion ’ 

IV. Prophylaxis br some method jo^^ft^entioh. 
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2. The Production of the Disease. 

If we have said that we must begin with the individual cells when judg- 
ing a disease, we must know first of all how complicated an organism the cell 
is and how its structure and function depend on the constitutiqp, pqi^tion 
and action of the micellae composing it. 

Let us, for example, examine some effects of “swelling.” The cell wall 
at a given time is saturated to a definite degree with w'ater of imbibifion, that 
is, the cellulose micellae held together by cohesion are provided with a water 
sheath with a certain amount of distention. The micellae will be separated 
further from one another or will approach one another more closely as the 
water supply varies; that is, the walls will sometimes become more dense, 
sometimes more flaccid. Such fluctuations are brought about in the protoplasm 
of the cell by the action of substances which withdraw water osmotically. 
Similar processes are observed in chloroplastids, for example, in grain leaves 
if acted upon by weak chlorin fum'es.or by sulfuretted hydrogen. The chlo- 
roplasts are seen to shrivel with the use of chlorine while the chlorophyll 
grains become pale green, doughy, almost gelatinous bodies with sUlfuretted 
hydrogen. 

In the cell wall, marked phenomena of flaccidity may often be restricted 
to single spots. The so-called "bead-cells" in winter grain may be taken as 
examples of this. Individual cell groups near the larger vascular bundles 
show bead-like convex centres of flaccidity on the inner side of their wall*, 
which later lose their cellulose character. If young, vigorously growing 
potato are exposed to frost, different groups of leaf parenchyma cells 
will be found later whose walls seem swollen in lines to four times their 
normal thickness. In this may be observed the browning and decay of the 
more dense wall lamellae into stripes which lie imbedded in a homogeneous, 
lighterjjarenchyma. 

In the case of very flaccid membranes, however, molecules will be able 
to penetrate the greatly enlarged micellar interstices, which cannot force an 
entrance through the smaller onc.s, because of their .size. If changes in the 
constitution of the protoplasm have been caused by frost, we find substances 
passing in and out which could not have been transferred before by the 
plasma body. The red coloring matt^ and the sugar in frosted red sugar 
beets ^Beta) pass easily from the parenchyma of the beet into the surround- 
ing water. This would be impossible in the cut beet, if it had not been 
frosted previously, "nie loosening of the structure of the organic substance 
is a very normal process the intensity of which depends on the action of ex- 
ternal factors, such as water supply, light, \varmth, etc. If these normal 
processes exceed a certain limit, they lead to disturbances which so after the 
structure and function of the cdlls that they become unable^o maintain life. 
Every other process of cell life may be similarly affected. Under the influ- 
ence of di^erent factors of growth, the process may be hastened or retarded, 
We,know lhat each life function oscillates betw&n wide limits, according to 



ffie action of each individual vegetative factor. ,We call these limits the 
minimum and maximum and the degree of functioning at which a life pro- 
cess most favors the development o.f the organism the optimum. ' * 

The field of oscillation of the functions about the optimum, within the 
limits promoting development may be called the “latihide of health." This 
should not be confused with "the latitude of life” for the organism can Still 
live outside the latitude of health, but its functions are so weakened that its 
development undergoes arrest or retrogression and this condition is disease. 
If this cessation of the function is temporary, the condition falls under the 
conception of “check” and we speak of check from cold or from darkness, 
etc. But we must guard against the belief that the appearance of sickness 
or a condition of check or of death in any species is connected with any pr»- 
^ise numerical values for the separate factors of growth. If, for example, 
we take two cuttings from the same plant and cultivate them for some time in 
sand sterilized by heat with the same quantity of food materials but keej^ane 
cutting in a hot house and the other out, of doors, in the end the two will 
show a very different susceptibility to frost and other atmospheric factors. 
The specim'en grown in the hot house freezes more easily; that is, its mini- 
mum for the maintaining of life is raised. Temperatures, at which the speci- 
men grown in the open air remains within the latitude of health, arrest the 
life processes of the hot house specimen. Experiments to determine the 
maximum and minimum of other factors of growth show very similar 
variations so that we may arrive at the conclusion that for each habitat each 
plant has its ozvn s'cale of needs, its own optimum, maximum and minimum 
and therefore possesses its own specific latitude of health. . 

Further, the circumstance that the different functions are lost at differ- 
ent times should be considered. If, for example, potato tubers are left for 
some time at a temperature of about — i°C.,'it will be found that respiration 
ceases sooner than the conversion of starch into sugar. This re_sults in an 
accumulation of sugar in the tuber which is called “turning sweet o? the’ 
potato.” If the temperature is raised more slowly tq possibly -|-iO°C. the 
stored sugar disappears through 'the increased activity of the protoplasm and 
respiration. If cucumbers, tobacco and other heat loving plants have to 
withstand a temperature of +5° to 8°C. for some time, they .show a yellow- 
leaf condition, which disappears with continued increase of ,heat. The 
plants do not die, but assimilation and growth arc so suppressed that prflees- 
ses, such as the formation of gums, may be introduced, heading b the prema- 
ture death of the individual. As in the preceding case of deficient heat, 
deficiency in food materials or light,— in short, every 'decrease of any vege- 
tative function,— so retards the normal direction of the functions that the in- 
teraction of these for the purpose of a.beneficial metabolism is misdirecte^ 
Other combinations and functional directions (for example, fermentations) 
are now produced, which initiate the ending of life premature!^: The same 
effect will necessarily appear every time the maximum of, ^any vegetative 
.factor is exceeded, or even afiproximated. 



In very many cases a sickness which has already set in is indicated hy 
chlorosis, beginning inconspicuously and progressing slowly. Even if it is 
posjible to observe the very beginning'of ^chlorosis, the beginning of the sick- 
ness itself has in no way been discovered since the first molecular changes, 
which have led to the yellowing of the chloroplast, still remain unknown to 
us. The boundary line where any single factor of growth ceases to be bene- 
ficial and becomes a retarding factor may indeed be determined experiment- 
ally but in this we see only the final result and not the course of development ; 
i. e., the processefb initiating this final result. So far as our powers of obser- 
vation are able to discover, health and disease represent conditions which 
imperceptibly pass over into one another. 

3. The Relation of the Plant to its Environment. 

In the attempt, undertaken in the previous section, to demonstrate how 
health and disease present interdependent conditions like tl^ links of a chain, 
we kept in view first of all the so-called constitutional diseases. By this are 
understood the disturbances in nutrition which influence the whole organism 
sympathetically and are the results of deficiency or excess of ^ne of the 
necessary vegetative factors. Local diseases due to accidental interference 
must be opposed to these general diseases. In them the organism as a whole 
in its full reactionary capacity is exposed primarily to a disturbance aflectr 
ing only one individual organ. While the action of the necessary inorganic 
• factors “of growth come under consideration in constitutional diseases, in 
local diseases the important influences are those mutually exerted on one 
another by the organisms. 

There are insects which seek out the plants in order to satisfy their 
needs for nutrition or for habitation, or the plants themselves mutually in- 
fluence one another. We find as the most pertinent example the influence of 
street trees, on the plants growing on the other side of tlie hedge row. We 
notice especially in times of drought that the grain and potato plants found 
within reach of the tree’s shadow are not only weaker in development but 
wilt sooner and to a greater degree than the other plants in the same field. 
This disadvantage is due chi?fly to the tree which keeps off the rain and its 
rMts which withdraw the soil water. In the field itself we frequently find 
different places in which the seed has grown very poorly because the wind 
gras^ has choked the grain. The seed was not sown too thin but the germi- 
nation and first development were choked by cold and deficiency in oxygen 
because of impervious spots in the field. In spring the soil does not dry so 
quickly in these places and the moisture is retained longer; the soil conse- 
quently warms up less easily and suffers for need of oxygen. The wind 
^rass frifero spica venti) which occurs everywhere in grto fields is less 
sensitive ^d under such conditions develops more quickly than gmi«. 
Because of its greater size, it chokes out the seedling grain 
ditions arise in connection with other weeds, which, developing 
not only take food materials out of the soil hnd away from 1 
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plants, but also injure them by shading. Actually, however, this struggle for 
room is the factor first manifested in each plant community and makes itsrff 
felt in all field and forest plantations. In the grain field 'and in every forest 
tract, the individual first growing most strongly diokes out its weaker neigh- 
bors. It is the universal question of the strong driving back the weajf which 
must find expression in all community life. ' 

The kind of community life just described in its relatinhlto spacial sep- 
aration can be termed neighborhood in distinction from the mutual influenc- 
ing of organisms when united in space. A relationship of this latter kind 
(symbiosis) must be the more intimate since one organism lives with the 
other. De Bary (i866) distinguished a niutualistic symbiosis from an 
antagonistic, according to whether the influence is mutually* beneficial or 
detrimental. The terms chosen by Vuillemin (1889) for this relationship 
"symbiosis” and "antibiosis’’' seem less fortunate to us. We find examples 
of a mutualistic community also termed commensalism 1)y van Beneden in 
1878, as companionship at table, in the little bunches of roots.of the sago 
palm (Cycadeae) which occur on the surface of the soil, rigidly branching 
like witches’ brooms and which harbor numerous chains of Nostoc in the 
large holes in their bark. The genus Gunnera shows similar conditions. 
Further, the easels often mentioned in literature, in which a water plant, 
AzoUa caroliniana, resembling our Salvinia naians, in the axillary hollows of 
the leaves, gives shelter to another Nostoc with longish members (Ana- 
baena). The most accessible example of mutualism is offered by the struc- 
ture of'the lichen body, in which fungus and alga remain connected per- 
manently, to their mutual benefit, — Lichenism. 

In the same way may be explained the symbiosis of certain mycelia and 
the roots of Fagus, Corylus, Castanea and some conifers, the so-called roof 
fungus or mycorrhisa which is usually considered a necessary and universal 
arrangement. In connection with the mycorrhiza should be mentionqd the 
protective device called Bacleriorhka by Hiltner* and -Stormer (in 
■ Beta and Pisum) . Bacteria penetrate from the soil into the outer cell layers 
of^’the roots, actually causing a browning of ^ese layers, but otherwise not 
especially disturbing the health of the plant. According ta'Hiltner, however, 
these bacteria prevent the penetration of other injupous organisms (Phoma, 
etc.). , 

Finally we will consider the arrangement of root tubercles, which may 
be found in different forms and grouping on the roots of the Leguminoseae 
and form those well-known grape-like bodies in alders, which not infre- 
quently may be observed as spherical nests of short branched roots as large 
as one’s fist. The organisms in the tubercles making the nitrogen of mi 
available for the plant and described by the students of leguities as ifhfe- 
qbium Leguminosarum Frank, or Bacillus radicicola Bei^erinck,.are l^cteria 
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just as the producers of the Stiver white ttibercks in /j'n/ft'm 
which, according to MacDougal’ develop extensively in soils free 
from nitrates. On the other hand, the recent investigations of BjorlcOTheim® 
seem to prove that a fungus is concerned in alders. 

In antagonistic symbiosis, de Bary has used the expression saprophytism 
and Johow in 1889 defined the- idea more closely by distinguishing holo- 
saprophytes (those lacking chlorophyll) from hemisaprophytes (those con- 
taining chlorophyll). , 

Bischofi'has contrasted with this the conception of parasitism. Ac- 
cording to Sarauw® the expression “parasite” was brought into use in 1729 
by Micheli for the Balanophoreae*. In agreement with the classification of 
the saprophytes, . Sarauw has distinguished holo parasites (those without 
chlorophyll) from hetniparasiles (those provided with chlorophyll). 

Saprophytism is the ability of an organism to take its nourishment from 
decomposing organic substances, while the parasite draws nourishment from 
the living oi^aiiism. If we test this classification, based on the forms of 
nutrition, we find that here, as in all branches of science, a sharp systematic 
subdivision is assumed only by representatives of a young school, while those 
0^ the older and more experienced school are convinced that transition forms 
exist between the different groups. 

If relative adjacency be compared with nutrient association (symbiosis) 
each forest and each grain field shows how constintly one organism influences 
the other, according to whether the one leaves any food materials, water and 
light, for the other. Just as spacial separation sets no fixed limitation to the 
form of nutrition, the sub-division of the organisms into those With purely 
mineral nutrition and those dependent on organic substances should be 
abolished. 

Although plants suited for independent self-nourishment can draw their 
nutrient material from purely mineral substrata, yet the process actually 
present consists in their taking humus substances which furnish the food 
materials in an easily absorbable form because of the activity of a rich bac- 
terial flora in the soil. The advantages of supplying our fields with animal ' 
manures should be thought of in this connection. 

Modern views have strongly modified this distinction between sapro- 
phytism and parasitism, since they, have brought forward numerous exam- 
ples showing that the organisms called obligate parasites may become de- 
pendent on saprophytic nutrition in definite developmental phases and con- 
versely that saprophytes in many instances can assume the parasitic mode of 
feeding. Miyoshi’s* investigations give us a clear insight into the way 
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in which such a change takes place in nutrition. ' The experipe^ under- 
taken at Pfeffer’s Institute in Leipsic show that fungps hyphae are irritable 
chemically and that the direction of their growth rahy be influen«pd either 
tot^ards the stimulating substance^ (positive chmotropitm^ or away from 
it (negative chemotropism). Indeed their mode of growtji also can be 
changed since, for example, a tendency towards sprout foragatlon sets in with 
a'higher concentration of the solution. The commone.st mold species, which 
occasionally become parasitic (Mucor, Penicillium, Aspergillus) show an irri- 
tability with substances which almost always can be presupposed to be char- 
acteristic of phanerogamic plants. Besides dextrin and the neutral phosphoric 
acid salts, sugar especially attracts fungi, in case the concentration is not 
too high.^Thus, for example, grape sugar in a 50 per cent, solution acts repnl- 
lently for Mucor slotonifer, the active agent of decay of fruits. Acids, on the 
contrary, and alkalis from the beginning act repellingly. The , germination 
tubes of the summer spores of Uredo linearis, a grain rust, are attracted by a 
decoction of plum and wheat leaves. Especially interesting are the cultural 
results with Penicillium glaucum, whose hyphae bore through the cell walls 
of a leaf impregnated with a 2 per cent, cane sugar solution. In the same way 
they penetrated artificfel cellulose membranes and the epidermis of bulb sca^s 
which lay on a nutrient gelatine. 

These are especially important clues capable of explaining the numf?ous 
case of sickness from Penicillium; It is well known that this mold,*the 
most abundant agent of decay in stone fruits, first begins to spread when the 
ripening process has converted the starch into sugar. 

In connection with the penetration of Penicillium into the scales of 
bulbs, we find abundant examples in the cases of decay in the tulip, hyacinth 
and lily bulbs which occasionally lead to lawsuits. This decay occurs especially 
extensively when wet years prevent the maturing of the bulbs or if the bulbs 
are stored when containing an unusual amount of sugar and then used pre- 
maturely for forcing. ’ 

Thus we see how the cell contents and the cell p.'olls of the host plaA 
can determine the penetration of hyphae and the transition of the saprophyte 
into a parasite. 


4. Parasitic Diseases. 

Supported by various carefully studied cases of parasitism, many ob- 
servers so generalized the conception of parasitic' diseases that they assumed 
them to be present wherever organisms arc found gathered together. In 
many cases this is supported by experiments in which the parasitically living 
organisms were injected into the host and were able to produce a local dis- 
ease in the tissue. 

•With this method the apparent proofs of parasitic .disease were accumu- 
lated m such a way that one was forced to the assumption that there could 
be scarcely any disease which was not caused parasitically. Infection ^x- 



pefitnei^ the laboratoly led gradually to the knowle^e that-^^^y 
casjs of disease nd spfcific parasites were present hut universally; dis^|||h^ 
fungduaand. bacterjai^fonns. The further the studies advanced, th« fiore 
cases wA'e listed-in which inoculation with spores of the most coAon 
mo^ds, as Botiartjs, Penicilfium, Oadosporium etc., also the most widely dis- 
tributed soil baoieria. Bacillus sublUis and B. devetop disease in 

healthy tissue. And finally was recognized the ii^rtance of the question 
how organisms universally present could at times be parasitic in their mode 
of life and, at other times, saprophytic. Corollary to this question is one 
which was deduced frora rapidly increasing discoveries in many experiments 
with the same methods of infection; certain varieties or even individuals 
were resistant while others succumbed easily to the parasitic attack. , What 
is the cause of such differences? , ' 

,^Some of the investigators brought forward the theory of virulence as 
air explanation of such cases. It was emphasized that in each separate case 
parasitism as a^^struggle between two organisms had- depended necessarily • 
upon which was the stronger. If the weapon of attack of the parasite, for 
instance, be an enzyme, able’to dissolve the cell walls of the host, tHen it 
^ould be explicable that this process would take place more quickly in pro- 
portion to the increase of solvent ferment formed in any given unit of time. 
Since it was now possible to prove experimentally that the strength of the 
attack varied in cultures of different nutritive substances, it could be said 
that, where it became the active agent of disease and its production of enzy- 
mes especially abundant, it must have been especially virulent. Bacterial 
cultures furnished the greatest number of examples of change in virulence. 
Yet such cases were also determined with fungi, De Bary’s statement con- 
cerning the frequently encountered mold, Botrytis cinerea, is well-known. 
He states that the mycelium must develop by the customary saprophytic 
fortn of nutrition up to a certain strength before it becomes parasitic and 
successfully attacks the living parts of the plants. I succeeded in getting 
like results with the conidia of this fungus, Masses of spares were strewp 
on delicate Begonia leaves and kept very damp. After several days it was 
possible to observe that, where these spores had lain in thick masses, the leaf 
had become diseased, showing a browning of the tissue. Where the spores 
had lain isolated, however, no attack could be discerned. The action of the 
^quafitity of ferment excreted by the individual spore;^ therefore proved in- 
sufficient, while the excretion from a mass of spores brought about infection. 
If can thus easily be understood that parasites, like every other organism, de- 
yelopmiost strongly when the nutritive conditions are mo|t favorable and 
that the stronger and the more abundant the formation of tlftir vegetative 
organs, the greater the excretion of the enzyme and accordingly the increase 
in strength o'f their attack. Therefore their virulence is raised. • , 

But these processes are not sufficient to explain the fact thaf in one field; 
when a number of varieties are grown in g single plantation, certain onef 
n^py he completely destroyed whije others standing next are but little injuret^/ 



oi" perhaps absolutely unattacked. * Since in such cSses the pardsite ^ickly, 
and e^^nsively distributed on one variety and not on the dthcr, althou^the 
atmosperic conditions and other factors of vegetation are equally favorable,' 
the specific constitution of the host plant k^these two caseS-must hafe deter- 
mined whether it would become diseased. Thus \#e arrive, at.,the concluspn 
that for the production of a parasitic disease, the fresenei of iHe porcuite 
aline is not determinative but the constitution of the host organism is also 
a determining factor. 

The many inffction experiments have led to a classification of the hving*^ 
creatures infesting other organisms and capable of atfeclcing the tissue, in- 
which one group is described as obligate parasites when able to attack th* 
host plant. in all stages of its normal development. Qf this group thenChave 
■been separated as wound parasites all such organisms as cannot attac^ the 
organism possessing' normal protKtive devices but need the changes ill tijsiK 
offereoby the surface of a wound. In a great many instances, howeverjawe 
have recognized the fact that the parasite only finds the |niijronment re- 
quired for its development when the host has been affected and its functions 
weakened. 'Such conditions will appear here' as were also decisive in -the 
experiments carried on by Miyoshi (see preceding section). This group 
bears the name “parasites of weakness." 

To this last group especfally belong the numerous species which duMng 
many generations live on dead organic substances. They therefore must be. 
spoken of as saprophytes which occasionally become parasitic,— /oiffi/foffw 
parasites. Therefore the boundary between parasitism and saprophytism is 
lost here and even in those species which are alwa.vs parasites (obligates), 
such as the varieties of smut, we find developmental phases with a sapro- 
phytic mode of nutrition. 

If we now, however, study more closely the families of our closest para- 
sites among the fungi, namely, the smuts and rusts, we will find one.fact 
■ brought into prominence by the most recent investigations and repeatedly. 
' substantiated; namely, that the energy of growth of the parasite depends on 
the host plant. We have examples proving that the same fungts occurs in 
different species .of the same host genus in the same habitat,, sometimes grow- 
ing luxuViantly in many large centres, sometimes sparsely , ht small forms, 
according to whether the 6ne species has fleshy leaves and the other , thin 
ones. Indeed, the ntris are so dependent upon their host plants that bioUgk 
races are formed which, agreeing formally, nevertheless show differences in 
adjusting themselves to definite host plants and either cannot develop at all, 
even when carefully injected upon a related host plant, or dfveloft only 
slightly. Thus we have a special form of the common black rust of grains 
dh lye, another bn wheat, another on oats etc. Mycplogists chmsh the con- 
viction that this development into individual races through the accommoda- 
tion to a special host plant is a widespread phenomenon constantly increas- 
ing. What else can such a face formation indicate than that parasites it 
their demands have been and stilt will be.toosf closely connected with 
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constitution of their substratum!' if, however, as previously shown, the 
clo.sest parasite is thus very dependent upon its host plant, it onl^goes to 
show how completely it agrees with non-parasitic plants in its demands for 
very definite nutritive conditions, and that with a change in these the para- 
site changes its character and either adjusts itself or disappears. Stahl’s 
observations* on myxomycete plasmodia show that we must take 
these phenomena of adjustment into consideration. If the water in the cul- 
ture glass was replaced by a yi per cent, grape sugar solution, the plasmodia 
either died from this sudden change or shunned the sugar solution. Grad- 
ually, however, they accepted ^t, having accustomed themselves to a more 
.concentrated solution ("perhaps by a certain loss in w^r) and indeed in 
•such a way* that, replaced in pure water, they showed considerable injury. 

, In regard to the formation of races, Pfeffer* expresses himself 
thus ; “Present discoveries . . . make it clear that "the tropistic reaction 
of the same species of bacteria, flagellates etc. gradually changes iWaccord 
with the existing cultural conditions. Thus it should he understood that in 
the same species in nature and in artificial cultures there is found at times 
a very appreciable ability to respond to reactions and changes, 'varying to a 
disappearing point, according to a definite .stimulus. Indeed after wide ex- 
perience it seems possible to breed races in which a definite reaction to 
trdpism has been partially or entirely lost.” 

Parasitism is nothing extraordinary. Possibly it is not a factor which 
has ndwly appeared since plant cultivation was begun. It should be con- 
sidered as a nutritive form which arose gradually with the development of 
organic life and a necessary one, to be looked upon as the last link in the 
chain formed by the mutual interaclion of organisms. This last link begins 
with those organisms whicli liave the ability of forming organic substances 
from inorganic material through the action of light. Joined to these are the 
plajits witli tlie lesser need of light, such as arc found among the bacteria 
living in humus wliere an addition of (piickly decomposible, organic sub- 
stances presents essential aid to the nutritive process. .\s the struggle for 
light gains in importance with an increasing number of organisms, the more 
pertinent becomes the develojnnent of groups of organisms requiring but 
little light and an ever greater need of a method of nutrition by which the 
raw material is offered in the form of organic, easily re-ivorkcd substances. 
Such conditions arc found at present in saprophytisra. 

With the struggle for light in the case of a constantly increasing num- 
ber of individuals comes also the struggle for space. In the course of time 
the lack of space will lead finally to those forms of adjustment In the plant 
world which require soil for their habitat only in the beginning, if at all, and 
have chosen some other organism as a centre of colonization. The mutual 
interrelations forming under such conditions are partly friendly, partly hos- 
tile, just as they occur in mutualistic and in antagonistic symbiosis. 

.C-_ ,, 
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Among the species of plants using some other organism as a habitat, we 
find the formation of very different devices for the means of nulrition. Be- 
ginning with lichens, the assistance given by thalli ac<juir|s greater and 
greater significance, up to the formation of a mydelium. The mycelium is 
satisfied with dead bark, or rather that attacked when dying, or with the 
leaf substance of its host, or it can only eke out its existence when, with the 
help of the enzyme which it excretes, it attacks the living organic substance 
and then calls parasitism into existence. 

But in all these relations the on* fnnd^ental law becomes evident that 
each organism i? associated with the delink constitution of its substratum^. 
This substratum ^st have the exact requirements for satisfying all tlje 4e- 
mands of the organism, otherwise it cannot thrive. Therefore all the Organ* 
isms which we call parasites make.very definite demands on some host. How 
narrow^ limited these demands may often be is shown directly by the bac- 
teria, ror which at times slight fluctuations in the amount of heat, the acidity 
of the nutritive mixture etc., lead to the replacing of certain species by others 
better adjusted. 

In order to cite only a few new examples we will mention the investiga- 
tions of Thomas Milburn* who cultivated fungi as well as bacteria. 
Of the former he found in the case of Hypocrea rufa that an increase of 
osmotic pressure first suppressesvthe formation of pigment in the conidia 
and finally inhibits the formation of conidia. In this’ fungus the color of the 
conidia "changes with the reaction of the medium. If the reaction Is acid, 
green spores are formed; if alkaline, yellow spores. A well nourished 
mycelium forms no fruit in the dark but does develop conidia when poorly 
nourished. The yellow color of the mycelium of Aspergillus niger is very 
sensitive to light and when exposed to it turns black within a few hours. The 
Facillus ruber balticus found on potatoes, the so-called “Kieler f^ciljus”* 
which, according to Laurent, forms acids on certain nutritive soil^ an^ al- 
kalis on others, is so influenced in its production of coloring matterby the 
nutritive substratum thqt it develops a violet color on an acid substratum and 
orange red on an alkaline substratum. 


Lepeschkin" observed that the strictly aerobic bacteria from the 
sputum in pneumonia, Bacillus Berestnewi, can develop a branching growth 
on strongly alkaline and on strongly acid substrata, but gradually acidifies 
the alkaline substratum. In the presence of sugar (dextrose) a pinkish color 
appears together with the disintegration of the little rods info oidia. In 
the preMnee of larger amounts of nitrogen compounds (aspargin, lecithin, 
peptone) the whole mass of bacteria turps yellow. The optimum for growth 
lies probably at 25°C. Even at 35°C, the bacterium grows veif slowly and 
at 38 °C. is no longer able to grow. It is killed at 55°C. 

• 1 Thomas Milburn, Ueber Aenferuigen der Farben tei K^en u»d Bakterien. 

. Zur Kenntnla^er ^bU^toit boi Or|^l»men^u^,.: 

-C(|itrabL t Bairteriologie usw. It. Division. 1904. Vol. XII. «oa a zi. 
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If dependence on the constitution of the nutritive substrata may be 
proved for'j>arasites, naturally the strongest agent in combatting them is the 
removal of the favorable nutritive substratum and its alteration into one un- 
favorable for the special parasite. 

Since cultivated plants, by the fact of their division into susceptible and 
resistent varieties, demonstrate that there is a possibility of altering the nutri- 
tive substratum produced by living plants, the production of such resistent 
individuals through cultivation is the first aim of our work, in regard to 
overcoming pafasitic diseases. It is more effective than the present method 
of fighting parasites locally or ^eventing their attacks, a method which was 
deduced from a narrow point of view. At most this may be carried through 
.effectively for small centres of disease but for mechanical reasons is im- 
practicable for genbral use. From this point of view parasitism is not such 
a great menace as it has been represented to be. 

If parasitism is a definite nutritive form of certain groups of oiflhnisms 
which has become necessary in the natural development of the living being, 
it must have its stage of equilibrium in the sphere of nature. Arrangements 
must exist which counterbalance parasitism. It must.be possible to hinder 
its effectiveness by factors simultaneously effective, for otherwise the nutri- 
tive organisms could no longer exist. This counterbalance is found in 
the very definite, often narrowly restricted environment which determines 
the existence of the parasite. That condition of a living creature which we 
are accustomed to term “healthy,” without being able as yet to define it, is 
one such restricting limit which the parasite under normal conditions is not 
able to overcome. For, since the defenders of the extreme theory have 
represented such parasitic micro-organisms as dangerous which are con- 
stantly present everywhere saprophytically and as yet have not killed the host 
plants as a whole, these plants must thus possess some protective devices in 
their normal development, which are repeated in the same sense from gene- 
ratibn to generation. We constantly find occurring as such, unbroken de- 
posits of wax and cork, definite acidity of the cell content etc. 

That we now find more and more adherents to our theory is proved by 
the statements of one of our most important students of parasitism, Met- 
sehnikoff' of the Pasteur Institute. After giving a number of examples 
to show that the production of the parasitic disease is conditioned by 
two causes, first, the parasite and secondly, susceptibility of the organisms, 
he says, (page 7) “if these internal conditions are powerless to arrest the 
development of the excitor of a disease, the disease is produced. If, how- 
ever, the organism firmly resists the development of the bacteria, it is pro- 
tected and thus proves itself immune.” (Page 6) "One can no longer be of 
the opinion that, every time an excitor of. disease penetrates a susceptible 
organism, the presence of the same inevitably calls forth this specific dis- 
eased condition. LofBer’s discovery of the diphtheria Bacillus in the pharynx 


"5'«^“™f>‘rankheiten by Klla» Metschnlkoll, Professor of the 
19ol Authorized Tranelatton by Dr, Julius Meyer. Jem. 
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of healthy children has been repeatedly substantiated since that time and yet 
It IS ^impossible to doubt the etiological significance of this bacillus for diph- 
theria. On the other hand it has been proved that Koch's Vihrio, although 
the real incitor of Asiatic cholera, nevertheless, occurs in the digestive system 
of healthy people.” 

The healthy organism thus possesses a natural immunity and dny distur- 
bance of this aids the possible parasitic attack. 

Epidemics. 

If we can define endemws as a local malady, whose production is con- 
nected with definite conditions, narrowly limited locally, then, epidemic may 
be called a community malady. The expression “malady’.’ indicates the mu!-* 
tipHcity of the diseased individual’s in contrast to isolated cases of disease. 
Epiden^ic thus describes that condition in which numerous individuals suc- 
cumb to a given form of disease, developing over large territories. 

If an epidemic breaks out, conditions must be present which disturb the 
functions of the organism in numerous individuals so strongly that their 
lives are either threatened with a premature end or are finally brought to 
this end. This disturbance arises from external causes. If these causes are 
parasitic organisms, their existence, as was shown in the preceding chapter, 
is dependent on the factors of growth favoralile to their extensive increase. 
Among these factors belongs the breaking down of the immunity of the 
nutritive organism. ■ 

Even with the assumption that a parasite not indigenous to the countries 
which suffer from the disease might have caused the epidemic by its incur- 
sion, this circumstance in no way changes the fact that the factors of growth 
already existing are determinative for the production of the epidemic. For. 
whatever may wapder into the country, be it animal, fungus or bacterium, 
this incursion wmuld not produce an epidemic, if the newcomer founii no 
opportunity for great increase- and wide distribution. For example, who 
does not remember very effective representations of the importation of the 
Colorado beetle as the destroyer of our potato crop, or the extensive intro- 
duction of the San Jose scale as the destroyer of our fruit trees ? Initiated 
persons know how often embargo regulations and compulsory disinfection 
have advanced protection against the importation of parasitic fungi ("White 
Rot of the Grape” etc.) and they have partially succeeded in getting it 

Experience has taught that no theoretically imagined but practically im- 
possible complete destruction or quarantine of such parasites has possibly 
■ protected us from epidemics buffthe circumstance that they did not find the 
necessary climate and soil for their increase. Conversely, the Phylloxera 
plague should be remembered jvhich, despite all human endeavor and the 
spending of many millions, became more and more widespread. The 
Phylloxera finds, even in Europe, sufficiently favorable conditions for exis- 
tence and on this account defies such means for fighting it as embargo, dis- 
infection, processes of extermination etc. Upon consideration; it becomes 
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gradually clearer that small living creatures, ‘in fact, tltt smallest wrhic^i^fe 
introduced by means of articles of commerce or can be easily distributed by 
dust and wind, may be kept out of small enclosed places: but not aWay frotti' 
extensive open localities, and that one proceeds better by presupposing fb® 
possibilities of a widespread distribution of such organisriis , although real 
danger is tp be recognized only if an easy 'Capacity for its inc|ease h^S been 
proved. If now in all parasitic incursions, hot the presence of the J)arasite 
but the conditions favoring its spread are proved decisive for the productipn 
of the epidemic, then a change in these conditiorft is the best means' for iosit- : 
batting them. ’ . ■ 

In regard to measures for its suppression and prevention, however,^ the* 
•epidemic ffirnishes special pointers in that, when it occurs over esteijMve ' 
areas, it excludes as causes all the factors which vkry from one another in 
the different diseased districts. For, since the malady attacks large plan- 
tations despite the variations in such factors as, for instance; situation, com- • 
position of the soil, agricultural methods etc., these factors 'Cannot be-thje 
cause. Rather the cause should be sought in thosp influences which are the 
same throughout the whole country. Actually, this can only be the cfeiafe. 
On the other hand, in endemic ‘diseases, conditions of the soil usually aht de- 
cisively. They are to be considered either direct causes of disease since, 
through unfavorable chemical or physical peufiarities they permatiently dis- 
turb the functions of the plants, or they act indirectly, favoring the increase 
of the parasites and the strength of their attacks. In thjs, as a rule, they 
suppress at the same time the growth energy of the host plant. Spil damp- 
ness is the condition most favoring this. When the cafJacity of thick, heavy 
soils for retaining water is very great on the level or in hollows, an accumu- 
lation usually occurs which finds no outlet and produces a deficiency of oxy- 
gen, with an excess of carbon dioxid. The plants Indi^te this functional 
disturbance by a change in the chlorophjdl apparatus. The leaves, ^adually ' 
turning yellow, form a suitable growing medium for certain groups of fungi. 

In all endemics and epidemics a simultaneous sickening of a great num- 
ber of 'irfdividuals indicates a considerable period of preparation leading up 
to the actual outbreak of the malady. 

For, according to our conception of all the phenomena of life as dynamic 
processes, each case of disease may be characterized as the immediate or in- 
direct result of mechanical disturbances exercised by the separate factors of 
grotyth on the composition and function of the substance. The life of a cell 
is a constant struggle between the oscillatory forms momentarily present in 
the unstable organic compounds and the disturbances constantly exercised ' 
upon them by the factors of growth. 

A change in the substance and with it one in its function appear irt.' 
once if the disturbance in one factor of growth is so strong that it i| able to , 
change the form of oscillation existing up to that time. So loi^ as the dis- 
turbances as a whole have the effect of contfibuting to the development df :: 

organism as a whole, that is, the vegetable individtta}|1|^e plant ten^iins* 





- Within the latiftjde of health. Disease follows if the cell or the cell complex 
'So ch^ged ^hat ultimately the whole structure suffers, 
i" Now, however, the fact, always confirmable by examples, that certain 
ciiltivated varieties show a tendency to disease not .shown by others under 
sWlaJ? conditions pf growth, futnishes us proof that in the different individr 
uals flip orginic substance may oppose, a differing amount of resistance to 
’the s^e a.ttacks; This would mean that more attacks are necessary for one 
il^iyidual than for another in order to carry it out of the latitude of health. 
P, in an epidemic, only large numbers pf individuals ajways suddenly become 
sick,' besides the especially susceptible ones there must also be others among 
thto^ for which a greater number of attacks and therefore a longer period 
’of action is necessary, in order that* they may become sick, 'therefore a^ 
longPr'period of’ the .influences producing the disease must have led up to 
the outbreak of the epidemic’and these influences are to be seen in the atmos- 
pheric.ffactors.* _ 

» Therefore,' according to our theory, each epidemic is, so to speak, the 
explosion of a charge ^which had been slowly accumulating for some time. 
Its cause. therefore is not to be sought, at least exclusively, in the existing 
fapto/s of growth present at the moment but in the accumulation of attacks 
ivhich for some time previously have been, effective in the sanie way. In 
parasitic epidemics' the extensive occurrence of the micro-organism m no 
way represents the first stage of the phenomenon but is a final effect of long 
preparation. This prepathtion consists on the one hand in the gradual pro- 
duction of life conditions favorable for the enormous increase of the micro-' 
organisms, on the other hand, in the gradual weakening of some functions 
of the host which we believe are always connected with tins and a correlative 


increase of other functions. 

If, for example, m study the best known fungous epidemic, pbtato 
blight, observation shows that a period of warm, dull, sultry days usually 
precedes the outbreak. The fungus Phytophthora ttifutans is always 
present. Its astonishingly rapid increase, however, takes place out of doors 
only if abundant atmospheric precipitation and a warm motionless air con- 
tinuously favor the production and the scattering of the swarm spores. Dur- 
ing weather of this kind the potato plant develops a greater amount of sugar 
a more rapid stem growth and a great number of young leaves; that is it 
produces an especially susceptible environment for the development of the 
fungus which scorns organs that have become old. In this way we find that 

whole fields may become diseased in a few days. 

On the other hand we do not find the Pytophthora epidemic if the same 
amount of precipitation occurs in the same space of Jiut m weate. 
The epidemic cannot develop if, with increased warWh and a clouded s^ 
iersi strong winds keep blowing. A similar relation is shown in ^st 
widemfcs of grains. Like the majority of fungi the gram rusts love con- 

ious nK>istSe. Yet by no means -5* ^J^S'Se'rS 
. ^ars, although there might he scarcely one gram field in which the rus 



would not be present every year. The epidemic develops at- the time when 
the leaves are young and only during periods of warm days -with frequent 
even if almost unappreciable showers which make possible a longer retention 
of moisture among the plants. &)ld, wet summers generally prevent the 
development of rush qjidemics. Similar conditions may be observed in 
bacterial epidemics. 

Therefore, epidemics are forms of disease which mature only because of 
far reaching factors. Only certain weather combinations of longer duration 
may be considered as the initial cause. Naturally the intensity of the epi- 
• demic will vary locally because local factors will produce special favorable 
conditions. In this way is explained the occurrence of centres in which the 
•malady appears first and disappears last, in case not all the individuals are 
killed in a short time. In this way is explained further the retrogression of 
epidemics into endemics ; that is, into narrowly confined centres of disease. 
Among the epidemics produced by animal para.sites, those caused by grain 
flies are the most abundant with us. 'fhey usually take place during periods 
of continued warm, dry weather after the winter conditions have been favor- 
able for the individual grain flies which in some regions are always present. 
So far as statistics now go, preferred centres and points of departure may 
often be determined for this plague-like distribution. Thus, for example, 
the province Posen is proved to be especially favorable soil for grain flies. 
From Posen as a centre an epidemic usually radiates towards Brandenburg, 
Pomerania and West Prussia. The whole Eastern part of Germany suffers 
more from injuries due to flies than does the Western part. North Western 
Europe is usually visited more frequently and intensely than South Western 
and South Eastern Europe. 

According to the point of view here developed any treatment of the 
epidemics by fighting the symptoms as they appear must offer the least pros- 
peqf of success, because these arc only the result of initial stages which 
existed long before. If the parasites arc present in enormous quantities the 
desire to kill the micro-organisms is seen to be a vain one since no insecticide 
or fungicide can even approximately reach the main mass and still less cause 
its death. Thus as the pestilences arc induced by general factors acting uni- 
versally, they must be combatted by broad means which undo the life con- 
ditions of the parasite and change the constitution of the host, that is, the 
functional direction. If, for example, long wet periods permit the bacterial 
rot of potato, which we call "'ivet rot" to appear in epidemic proportions, 
any other means than increased ventilation of the soil can scarcely be used 
successfully. So far as specific anaerobic bacteria are concerned, the factor 
favorable to growth (lack of oxygen with excess of carbon dioxid) is re- 
moved by an increase of o.xygen and also by the decrease for them, 4s well 
as for other bacteria, of the condition fundamental to their abundant in- 
crease, an abundance of water. Nature generally works in this way. If, 
after the rainy periods, dry, windy wlather continues for some time so that 
t]ie soil dries and the air circulates freely, the progress of the disease comes 



to a: standstill. The recommendation of every regulation for the 
prevtntidn of infection by the removal of infected potatoes froift the field, 05 
by deep subsoil cultivation, or the burning of diseased straw in grain epi- 
demics, we consider to be a work with insignificanf results as contrasted with 
the effect of changed life conditions for the parasite. The amount of in- 
fected material in extensive districts does not come under consideration at 
all. At times in the case of damp rot, soil bacteria co-operate tmd form a 
dense condition of the soil. If atmospheric influences make thbmselves so 
felt in certain soils that certain bacterial groftps are able to'attack potatoes 
or other fruits of the field, the number of the causative agents of the disease 


oripnally present is almost of no significance. 

The last named examples of parasitic epidemics due to such micro-, 
organisms as may be assumed to be constantly present in the soil or the air, 
make clear to us, however, how little prospect of successes offered for com- 
batting an epidemic once it h« broken out. A greater protection for our 
cultivated’plants lies in preve^tve methods. Such a prevenUve process m 
epidemics, aside from the formation of an universal plant hygiene, can, how- 
ever be induced by the drawing up of a chart of pestUences; that is, a sum- 
mary of plague centres for each individual epidemic. In the correspondence 
of certain charactefistics for a number of plague centres, single factors are 
especially distinguished as fundamental for the production 0 
for example, dryness in light soils is shown to be J 

demies of grain or for the heart-rot of sugar beets etc. Having thus deter- 
mined weather and soil combinations dangerous for each individual epidemic 
one can make one’s attack prophylactically by means of cultural 
as soon as the threatening combination of conditions continues 
Direct means which kill the parasites, such as sprinkling 
or dusting with sulfur, will then act only as hmderance, to the epidemics 

used preventively. 


6. Artificial Immunization and Internal Therapy. 

It is quite natural that in phytopathology the same course of ^eas has 

developed as in animal pathology and accordingly ff is f ^ f 
has erLually become evident a theory of immunizing plants artificially , i_e 
f In ch^mL their bodily composition that the parasites will no lonpr find 

'T^ver.e, J.. crimmuni.atlon dea vegetaux contra leB maladies crypto- 

rt"oci«»^tten“«es des maladies cryptogamlques. Compt 

itad. Paris 1501' n. P- 
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the result that parasitic organisms may be influenced in artificial ci?|ture| :' 
(jy the nutritive medium used. In this their virulence is proved always to 
be less than it is under natural conditions. By leeching the cultures, fluids 
may be obtained which may be used for the immunization of the host plants 
against the organism concerned. The author concludes further that the in- 
fected plants are actually cultures of the ^)arasites concerned. In this 
maceration and extraction of the diseased plant parts must furpish fluids 
which would exercise an effect similar to that of the parasite itself. When 
modified by incftased temperature, these fluids can be used for immunization. 

E. MarchaB should be especially mentioned as a representative 
of the other line of immunization experiments. He worked with mineral 
substances, some of which, were nutritive, while others should be considered 
poisonous. He sowed -lettuce in- Sachs’ nutrient solution with the addition 
of substances which kill fpnp. The young seedlings, after the development 
of the first two or three ladves, wtnre infected with the zoo-conidla^f Bremia 
Lactucae and then kept in a (hoist atmosphere. The plants, not rendered 
immune by the substances in ‘flie nutrient solution which would kill fungi, 
were at once attacked. Of the salts used, the addition of from three to four , 
ten-thousandths copper sulfate to the nutrient solution was clearly proved to 
increase the resistance. The addition of i-ioooo coppcf sulfate* no longer 
showed any immunizing effect whatever. Manganese sulfate acted less com- 
pletely; ferrous sulfate had no effect at all. Calcium salts also (up tO 2- too) 
could increase the resistance while nitrates and also, curiously enough, phos- 
phates lessened it. 

The idea of increasing each individual’s susceptibility to vegetable para- 
sites by changing the cell sap through the addition of foreign substances was 
also taken up by zoologists who preceded in accordance with the discovery 
that parasitic animals, for instance, scale, seek out weakened plants especially. 

Now, however, was associated with this the thought that uiliversal con- 
dititfos of weakness in cases of oonstitutional disease as well as conditions of 
susceptibility' to parasitic attack could be healed by supplying salts of some 
definite kind to the plant body extra-radically. This taking up of substances 
otherwise than through the rodts was called "Internal^ Therapy" and was 
developed methodically. • 

In 1894, I. Schewyriov' published an article on “the impregna- 
tion of the wood in living trees with solutions of coloring matter” (Ueberdie 
Durchtrankung des Holzes lebender Baume mit ^rbstofllosungen”). In 
it he describes the apparatus which he constructed for this purpose which we 
will call nutrition tube and nutrition basin. The tube is of steel, pointed at 
one end, which is driven into the bark, while the other end is closed by a 
cork, through which passes a gimlet. The tube is filled with the experid^^l 
'liquid, through special openings, by means of a rubber tube. Thegi the ghhlet 

lono* Be '’tnununtsatlon 4e la laltue contra le meunler. Compt. ranfl, 

Ipvs* p. 1067. 
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b9i:ed slowly down into the wood to the desired depth so that the liquid 
. bttt no air can penetrate into the canal thu# formed by fee gimlet. The 
author who had constructed other apparatus also mentioned Hartig’s ex- 
periments ^hich had the disadvantage of letting air penetrate into the 
wound. He then began experiments on the healing of ehl6rosis which were 
Arried out in 1895-6 and in 1901, by garden owners in the CAnea. 

Later Mokrzecki' published a number of successful experiments 
on the healing of chlorosis in fruit trees carried out according to the above 
method, in which he also pointed out that the scale had disappeared’from the 
healed branches. He, as well as Schewyrjov, built great hope on this pro> 
cess, not. only for the prevention of constitutional disturbances in nutrition 
but afso especially for the expulsion of parasitic organi.sms. ^ 

My personal attitude toward this qu^ti6n,^s much cooler and I think 
that the effectiveness of the methods willfbe vfery limited. According to my 
experiments on the introduction of pofemoui solutions into the trunk, the 
effect usually remains local but in the tfiosb successful cases radiates grad- 
ually from the point of introduction to a number of branches and to a coa- 
siderable distance into the trunk. The constitution of the plant, conditiqjied 
by root nutrition, was not changed by this. I found in my experiments with 
oxalic acid that gum was produced on a number of cherry tree branches 
which later partially died. However, the production of gum did not progiess 
further the following year and the trees, moreover, made a healthy growth. 
Like this poisonous solutipn, each nutritive mixture or healing serum remains 
limited within narrow boundaries and, as in the most favorable case, only 
temporarily exercises any beneficial influence. The physiological direction 
of the work of the whole plant will not be changed permanently. 


t 

PREBlSPOSmoN. 

We term "predisposition” that condition of certain individuals fthich 
renders them more easily and quickly susceptible to any cause dt disease than 
are other individuals of the same kind. 

That such cases exist is proved by dailf discoveries as to the quantitative 
growthof cultivated plants. These discoveries have already found expression 
in the common use of the terms tender'and hardy varieties and individuals 
which have been made less resistant. Observations show that not only Affer- 
ent cultural varieties ^ the same species but even single individuals of the 
same Variety possess a varying power of resistance to weather extremes, as, 
for example^ cold and heat, or to parasitic attack. In the latter connection, 
0 suffices to mention that practical workers as well as Scientific investigators 
hayeliow set themselves the task of breeding more resistant varieties. 

\ ■ A ptSsent we are only in a position to indicate the direction in which i 
gjesfer individual inclination to succumb to any parasitic attack may be pro . 

ii Mokmecld. 8. A. Ueber ifje innefe Therapie der I^nzen. Zeltachr, t PfifUi- 
1903. p. 367. 



duced. In the previous aivistons we have considered investigations showing 
that different groups of subsfences produced in the plant cells, as, for in- 
stance, sugar, act attractively for certain fungi in definite concentrations and 
repeJJantly in others. The number of these groups of substance's is deter- 
mined by very different factors, as will be shown more thoroughly in the next 
chapter. Thih metabolism will be found favorable for the nutrition of the 
parasite or unsuitable for it, according to the quantity produced. 

In order to cite at least one example in this connection, we will refer to 
the investigation of Viala and Pacott* on the black rot of the grape. 
The cultures, undertaken with the fungus Guignardia Bidwetlii which pro- 
duces the disease, ’determined that the development of the fungus is depen- 
dent primarily on the sugar content of the nutrient substratum and its organic 
salts. Only young leaves were affected. They contained 1.75 per cent, tar- 
taric acid and 4.3 per cent, glucose, while the old leaves showed only traces 
of these substances, The berries were susceptible from the time they began 
to swell and this susceptibility continued up to the beginning of the ripening 
stage. During this time they contained 32 to 24 per cent, of acid and ll to 
56 f>er cent, of sugar. During ripening the acid content falls from 9 to 2 per 
cent., but the sugar content increases so greatly that the fungus can no longer 
attack the berries. The conditions for the white rot fungus, however, are 
exactly reversed. By this relation is explained the strikingly different resis- 
tant capacity of different kinds of grapes. In the same way is explained the 
circumstance that black rot epidemics generally' occur in summer after 
periods of cold weather with subsequent light rainfall. At this time the acid 
content is especially large and the formation of sugar scanty. Similar fluct- 
uations in the concentration of the cell sap combined with the phenomena of 
perforation of the membrane, the varying processes of tension in the tissues 
and other mechanical changes also in the plants’ cause a state of greater sus- 
ceptit)ility to weather extremes. The more rCcent investigation is endeavor- 
ing to find mtjre macroscopic and microscopic characteristics also demarking 
the stages of susceptibility to injurious parasitic attacks. 

The conditions pictured in the preceding example of the increased tend- 
ency of the grape to become susceptible to the black rot fungi are entirely 
normal developmental phases which are influenced by the weather. On this 
account we may speak of such states as normal predisposition. In contrast 
with these we should distinguish as abnormal predispoMtion the case in which 
the plant or one of its organs has fallen into a condSon of weakness or of 
disease from other influences and in this conception of one cause of disease 
is first given the desiied point of attack. As an example, we will tall attention 
to the infection of leaves affected with honey dew by the black fungi, to the 
attacks of the so-called parasites of weakness and the migration of wood- 
desfroying fungi from wounded surfaces. 

vni p* 30*“**“*' Co®Pt- fend- Pal* 19«4. 
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8. Predisposition and Immunity 


In an earlier part we have pointed out that our theory as to the produc- 
tion of 'parasitic diseases has obtained support from the most renowned in- 
vestigators. Metschnikoff', who, as professor ’in the Pasteur Institute 
for infectious diseases, may be incontestibly considered as an exact con- 
noisseur of pathogenic micro-organisms, expresses himself as follows, 
“Exact bacterialogical investigations have led to the knowledge that, in»the 
abundant bacterial flora harbored by the healthy human body, representa- 
tives of pathogenic bacterial species may also be found. Aside from the 
Bacillus of diphtheria and the Vibrio of cholera which ^so often have been 
proved to be ftdly virulent in perfectly healthy human beings, it has been 
shown that certain pathogenic micro-organisms, the Pneumococci, the Sta- 
phylococci, Streptococci and Colibacilli, are present regularly or almost con- 
stantly in the microbe flora of healthy persons. 

This discovery has of necessity led to the conclusion that besides the 
excitor of the disease, still a second cattse of infectious diseases must exist, ■ 
namely, a predisposition or a lack of immunity. An individual which harbors 
one of the species of pathogenic bacteria above-named would be resistant 
either permanently or for the time being. But as soon as this immunity dis- 
appears, the excitor of the disease Ijccomes uppermost and produces the 
specific disease.” 

In regard to the immunity of plants, Metschnikoff calls attention to the 
investigations of de Bary* on Botrytis, which we have already men- 
tioned. The mycelium of this fungus penetrates the ceil walls by giving off 
a fluid “which contains a digestive ferment and the oxalic acid necessary for 
this ferment. De Bary could prove the presence of this kind of toxin by the 
maceration of the mycelium of Sclerotinia .... If the resulting fluid 
is heated to sa'C. it can no longer digest the cellulose membrane but is still 
able to cause plasmoly.sis .... The results of de Bary s investigations 
have been confirmed and in part completed by Laurent. ^ 

We have repeated Metschnikoff's words in order to characterize his 
way of considering the matter. The chief factor under consideration here, 
viz., the effectiveness of the ferment on young membranes and its ineffective- 
ness on older ones, gives the author reason for comparing the Botrytis dis- 
eases with the infantile diseases in human beings (measles, scarlet fever). 
In other cases the digerent processes of cork production, or suberization, 
found, for example, in wounds, act in a way similar to the membrane changes 
in fhe ageing of the cells. In regard to these, Metschnikoff, supported by the 
investigations of Massart*, points out that the organs respond differ* 
ently to the traumatic stimulus according to their age. Young leaws of 
Qivia, for example, re-act by forming callus, older ones simply close the 
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wound by means of a depdsition of cork. Further protective means are oils, 
resin, balsams, milky juices and gums exuding from injuries. 

Metschnikoflf thoroughly treats of Laurent’s' studies which are. 
mentioned in connection with other bacteria in the second volume of this, 
work. At this point, however, we will emphasize especially the immunity 
precautions against bacterial attacks. The species of the Colibacillus, with 
which Laurent worked, secretes a ferment dissolving the cellulose of the 
potato tuber and produces also sap with alkaline reaction, the presence of 
whjfh is necessaiy for the process of assimilation on the part of the bacteria. 
Now, to be sure, Bacillus Coli communis is naturally not a plant parasite but 
it can be changed ifto one. This happens when it is first cultivated on po- 
tatoes whose resistance has been weakened by having been dipped into alka- 
line solutions As a result of such cultivation the bacillus can act as a plant 
parasite when carried over to the same species of potato. The struggle be- 
tween the Colibacillus and the potato depends therefore really on the chemi- 
cal action of the alkaline secretion of the bacillus on the acid cell sap of the 
potato. After fertilization with potassium salts and phosphates, carrots and 
potatoes resist the bacillus. On thp other hand, a phosphate fertilization 
showed in (Topinarabur) that this plant then became more susceptible to the 
Botrytis form of Sclerotinia Libertinia. 

Just as clearly by strong nitrogen fertilization potatoes are made less re- 
sistant to wet rot. According to our observations abundant fertilizing ^th 
nitrates, ammonia salts or stable manure, causes even the most resistant ■ 
species to succumb to the potato rot. Laurent explains the difference in the 
action of parasites under the same method of fertilizing by the fact th^t with 
bacteria the secreted ferment can attack the cell membrane only in alkaline 
juices or weakly acid ones. An increased acidity of the cell sap, incited by 
the formation of acid salts resulting from phosjihate ferfilization, renders 
the plints immune to this fission fungus. I obtained the same results for 
phosfdioric acid by fertilization experiments. on sugar beets, in'which the 
Bacillus betae was widely disseminated and had produced the bacterial for- 
mation of gum or tail rot. The rapid increase of bacteriosis with the abun- 
dant use of fertilizers which contain nitrogen might be explained in this 
way: — that the acid of the cell sap is thereby decreased. According to de 
Bary, the conditions for Sclerotinia are exactly reversed. Their ferment 
dissolves the cell wall only in an acid fluid. Most mycelial fungi act 
similarly. 

If, by a change of constitution of the cell sap, sometimes a factor of im- 
munity presents itseff and, at other times, a condition predisposing to para- 
sitic disease, we are referred by Metschnikoff (1. c. p. 39 ) to a furthw pro- 
cess. He cites the investigations of van Rysselberghe* who found, 
espe(3ally in the epidermal cells of Tradescantia that if these cells, were 
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brought into a more concentrated solution than was normal to them, tey 
showed an increase of intra-cellular pressure. If the experiment was re- 
versed, the pressure decreased. These changes in osmotic pressure are 
caused by the difference in concentration of the cell sap which may again be 
considered as a result of chemical changes. If the cell comes ip contact with 
P solution too highly concentrated, it forms oxalic acid which acts strongly 
osmotically. With Tradescantia, van Rysselberghe proved the presence of 
malic acid in the normal sap and only in rare cases any tra(jes of oxalic wid. 
After the plant had been kept some days in strongly concentrated cane s^ar 
solution, oxalic acid was found in clearly appreciable amounts. The plant 
gradually adjusts itself to the higher concentration of this medium, produc- 
ing oxalic acid in order to increase the pressure of the cell saff. The aqid^is 
supposed to be formed at the expense of grape sugar. The increased acid 
content will act as a protective means against^ bacterial attacks. It is also 
suggested by some investigators as a protective weapon against the attacks 
of snails and leaf liee. 

Experiments with Tradescantia made in the op])osite direction seem to 
me to be very significant. If tissues from this plant were taken from the 
highly concentrated solution and put into some strongly diluted solution, 
precipitates of calcium oxid crystals were observed in the cell sap, thereby 
inifating a decrease of osmotic pressure. When the plant was put back into 
a swonger solution the oxalic crystals were seen to re-dissolve and resul^ in 
a hew formation of acid. I found that part of the calcium oxalate crystals 
disappear^ during the sprouting of potato tubers which also may well be 
ascribed to the increased for'mation of acid. 

Pfeffer' also takes up this aStomatic regulation of the acid con-, 
tent since he calls attention to the frequent production of turpdity through 
the organic acids combined with bases. Since this remains constant during 
and after growth, the formation of acid must be hastened quantitatively in 
correspondence with the volume increase of the ceil and the dilution of the 
cell sap thereby produced. Each unusual increase of turgor, as, for example 
in the effort to overcome an opposing higher concentration, will be connected 
with a corresponding increase in the acid production. Conversely, for exam- 
ple in the Crassulaceae, the decrease of the acid content has been proved 
with an increase in temperature and by illumination. In this same sense the 
experiments made by Charabot aifd Hebert* have succeeded. In the shade, 
the quantity of combined organic acid increases very considerably. 
The free volatile acids also increase. These are found in greater amounts in 
etiolated plants than in others. The suppression of the inflorescences in- 
creases in the leaves at the expense of the other organs. 

. , In considering predisposition and immunity, we have brought fofward 
the qugar content in- addition to the examples of acid content. To what 
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fluctuation this is ettposed by changes in temperature is best seen in Fischer’s* 
investigations citid by Pfeffer*. In the so-called starch trees, like the linden 
and birch, it is found that starch is formed in the bark within a few 
hours after the branches have been brought into a warm room from a 
winter temperature. In the cold, sugar is again produced from this starch. 
This conversion may be repeatedly produced and this kind of sugar forma- 
tion seems to appear in many plants with a lowering of the temper- 
ature. If now, for any -reason whatever, the sugar formed from the 
starch is conducted away from the organ the whole tissue may be im- 
poverished. Pfeffer furnishes proof of this by the experiments carried 
out in his institution by Hansteen’ and Puriewitsch'*. By a con- 
tinued reipov&l of the sugar by diosmosis, it was possible to cause an ejection* 
of starch from the isolated endosperm of grasses as well as* the cotyledons 
of Phaseolus which had been cut off from the plant and a giving off of the 
glucose from the separate scales of the bulbs of AUiutn Cepa. If only a 
little water was present into which the sugar could pas.s from the organs the 
ejection came to a standstill because a two to three per cent, sugar solution 
inhibits the conversion of the starch. Therefore, either a good deal of water 
must be present or some other means for the removal of the starch if the 
ejection should be completed. Conversely, a refilling of the organs with 
starch could be determined if a still more concentrated solution were used. 

These examples may suffice to show how in the plant body all the me- 
tabolic processes and all the resulting constructive processes succumb under 
constant quantitative changes which radiate in ail directions from the first 
form of attack of the factor causing the change. Each change occurring 
locally is a disturbance in the condition of equilibrium existing up to that 
time in the molecular organization. If the disturbance is completed in one 
cell it must, so far as diffusible substances are concerned, be continued in the 
neighboring ones as are all dynamic processes. 

tach place in which a new structure iS formed becomes a centre of 
consumption. The supply of food to this new structure leads to a reduction 
in other parts. Each local increase in photosynthesis exerts its influence on 
the immediate surroundings not concerned in this process. The different 
factors of growth now act uninterruptedly on the plant body and disturb the 
momentary equilibrium, first in this direction, then in that. We have there- 
fore a continued fluctuation in all life processes which is increased still more 
by the capacity for reaction peculiar to the individual, for we dare not forget 
that in restoring the disturbed equilibrium the organism must endeavor to 
increase its production of different substances. If, for example, there sets 
in an increase of the basic compounds conditioned by nutrition, an increased 
acid content will have to be brought about and conversely. And within the 
constant fluctuations which are a necessary result lies the condition which 

* Plscher, A., Jahrb. t. wiss. Bot. 1891 Vol 22. 
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W^erm normal predisposition. Thus the same conditiorf^ which represents 
a state of predisposition toward a definite cause of disease cat act State 
of inununity to some other cause of disease.* Proofs of this are offered by 
the examples above cited of the hyperacidity of the cell sap which has been 
shown to give immunity to certain bacterial attacks and predisposition to 
those of fungi. In the increased sugar content, which is connected with the 
influence of the acid in increasing the turgidity, we recognize a condition 
predisposing to injuries arising from frost and, on the other hand, a pre- 
cautionary means against the disturbing action of drought.* 

In the very natural development of the organism, therefore, we con- 
.stantly face conditions of predisposition and immunity. These are present in 
varying degrees in each individual since each organism has spetial nutritive 
relations and utilizes differently the same factors of growth. This explains' 
the phenomenon that different individuals in the midst of a community of the 
same species become sick or conversely, in the midst of a centre of disease, 
remain healthyh 


9 . Inheritance of Disf.ases and of Predisposition. 


In the last four decades furtherexperiments have been made by many 
important investigators to explain theoretically the nature of heredity. In 
this, special consideration was given to the most juvenile condition — the 
embryonic plasma— as a transmitter of the capacity for inheritance and the 
substance which might be indicated as the chief transmitter of inheritance 
was sought in part in the cell nucleus. , 

■ The above-mentioned hypotheses of biologists were drawn up to explain 
especially the repetition of the formative processes in the successive 'genera- 
tions of the organism. We will call attention only to Darwin s gemmules, 
Haeckel’s, “plastidules,” Weismann's “germ plasm” as an “heredity plasm,” 
Nageli's “idio-plasm,” de 'Vries’ “pangene,” etc. 


1 Th^ narasitlc theory as generally accepted at present either still ne^e 
an iJl^aurTtherilcts or is restricted to the theory ->« resistance. The 
different capacity for resistance to atmospheric extr^es and other non-parMltlc 
iXraces hS remained unconsidered. Thus Alfred Fischer* observe Indivldurf 
variations indeed occur often enough even in man: a personal Inimunity of an 
inexplicable kind seems to exist which in part falls under the concepUon of predls- 
posiUon. Even with age natural immunity varies as shown by infantile dise^s. 
The question may be left undlscuased as to whether even these may not ^ con- 
sidered as immunising diseases which are said to prepare the youthful mortal for 
existence ^surrounded l 3 y bacteria and to fortify him. 

On the other hand. Alfred Wolff" explains “In all essentials the natural giwer 
of resistance to toxins advances in proportion to the organs cap^ty to hold the 
molecules of the poison and to prevent their action on the brain. Thus only quali- 
tative and no quantitative differences 

oimosed phenomena of an Innate non-susCTpttbility and a high grade of^Ms^pUbll- 
in individual animal bodies. These differences Ue only in the different capa^ty 
of the organs in different animal species for the formation of toxin and an eventual 
neutralization.” 
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According to' pi^ theory there is needed for the expIarikSon of the^PFoi ‘ 
cesses ol inheritance, ni&her any special locality such^as the embryonic cells, 
nor an^ special celj dr plasm gehn or inheritance mass or any ancestral plasm, 
for inheritance is a “mechanical must” a necessary miversdly present me- 
chanical result of the structure of the organic substance. As soon' as the 
organic substance, like the inorganic, is considered as an atomic union which 
retains its character and therefore its specific peculiarities, since the atoms 
in the molecule^ exist in definite arrangements and fluctuation, then this sub- 
stance presents the stage of equilibrium.of definite forms of motion. ^ one 
cannot define the countless combinations of molecular fluctuations and can- 
not construct the distention and other mechanical results . arising from the 
different arfangement, one may yet characterize each organic structure as 
the result of a sum of very definite combinations of molecular motions which 
are conditioned by each other. Accordingly the cytoplasm of the pear is a 
plasma whose different micellae show in general the molecular fluctuation- 
forms of the plasmatic substances but still possess specific relations of fluct- 
uation and arrangement which distinguish them from similarly located 
micellae of the apple cytoplasm. Therefore, in each smallest particle in each 
biogen of any organic individual whatever, an individual character may be 
found which must remain constant as an expression of the sum of definite 
forms of motion resulting from the law of inertia. 

,Tms-'constancy is a mechanical necessity;— for every motion continues 
in ijs existing form qs long as it is not modified by another demonstration of 
fordj alid each substance which is the expression and bearer of the motion 
retains this form atjd character until other reactions cause molecular 
changes'. If, Tor example, we speak of protoplasm, we must be 
conscious that we do not designate therdjy a homogeneous substance with a 
fixed chemical nature, but a large group of substances containing many 
forms. The same is true for cellulose, sufar, tannic ^id etc. 

The assumption of the existence of as many variations of substances as 
there are individuals loses its strangeness as soon as we remember that we 
see about us daily an equal number of variations of figures, — for, «s a fact, 
no one individual resembles another absolutely. If, ho.wever, eachH)iogett is 
a specific uftit, it retains its character with the provision that no substance 
coming from without may change its molecular grouping, no matter where 
it is located in the plant body, nor whether it occurs in the form pf cellulose 
or as somatic or embryonic tissue. For all these substances aM indeed only 
groupings proceeding from one another. The biogens which are utilized in 
the formation of the embryo, that is, ^ the beginning of the new gei^ration,' 
find an expression in the newiindividu^ iji the old for the fornt'^jfluctu-: 
ation which they represent. This retchj[i^'‘ oj ^e molecular f orm bl JBiotwn : 
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in {he.,n€W gerf^fation is heredity. We are not in the.ldast astonished to find 
carrot substance' reprodui^d from parrot seed. We^ar^ itso not akonished 
to find a table carrot produced from a carrot whic^is rich in sugar 'and not ■ 
a cattle carrot rich irf starch. Thus the same combinations of substances are ■ 
transmitted which represent the characteristic peculiarities of our cultural 
varieties. If in practical agriculture we should plant side by side both of the 
above-named varieties of carrots we would have opportunity to observe that 
with the appearance of a certain degree of fros^ the table carrots would 
freeze while the cattle carrots would remain uninjured. * ’ 

The susceptibility to cold of the substance of different varieties of the 
same species is the most easily observed example of the inheritance of such 
peculiarities as represent predisposition to disease. Each frui? grower can 
name varieties of fruit which are injured. by frost in his orchards while 
other varieties standing nearby are not affected or injured. , The same rela- 
tions are found among flowers and W'ith grain it is a universal experience 
that, among the different varieties of wheat, for exan^le, the square-hiads 
winter-kill most easily. The same variation in the resistance of differ- 
ent cultural varieties is found also in relation to other cause* of disease, as, 
for example, overheating and drought, excess of water etc. K great deal 
remains to be learned of the cultural varieties and their study deserves 
greater attention than has been given to it up to the present. ^ ^ 

Thus cultivation has furnished us with an ornamental plaii4''db*com'b 
(Celosia cristata), which has a stem with a broad, much curle<t*iregp^ative 
tip. This broad, band-like transformation of the original cylinVlsi^l^em 
(fasciation) has become constant in the seed. Double blossoms are retained^ 
from one generation to another. Weak or one-sided formation of the sex- 
ual organs can become an hereditary peculiarity, as, for example, in the 
black currant or in the strawberry culture in Alten Lande near Hamburg. 

Froni such exan^es one sees what far reaching differences froni the 
usual mode of development are transmissible through the seed. Each vari- 
ation indicates a direct thrust against a previously existing peculiarity which 
is so stwng that it is able to shatter this peculiarity permanently. The 
peculiarities, of the organism possess a varying degree of stability, i. e. the 
form of motion which they represent is often disturbed by a weak thrUst, 
while in other cases it can not be changed by the strongest attacks of the 
surrounding factors of grow'th. Among the least fixed peculiarities, belong 
the colors of the blossoms, the water and sugar' content and the size pro- 
portions of fhe organs which can vary even in the natural habital^ Hardest 
to" altecw <4use to vary are the relative positions of the organs and the com- 
position tff the biogens, viz., the t)»J)qlbf substiince forming cabbage head or 
of a pear tree as such, and distuf^iShable from that of other plants. No 
j^coiidrity of aa organism 'may be tbnsidefeO as indestructible but a ipim- 
lser>of pepuliarlies will be'retained from genqration* to geheratiop in their 
fom because no thrugt has existetf up to that time of sufficimt 
s^^' slio shake them. These petnlianties, however, which are qp- 
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cessible for factors existing at the time may succumb to the thnist according 
to the strength of the attack and thus be changec^ These changes, because 
indicative of molecular transpositions, are constant as forms of fluctuation, 
due to the law of inertia until new thrusts give a new ditection to the motion. 
They are retained also in the organs which we cal] seeds and must accord- 
ingly be continued in the new individual and therefore must be hereditary. 
At times also, conditions contrary to the purpose of the individual, and which 
therefore initiate the shortening of the life period of the individual, such as 
a lesser firmness of the substance, will be hereditary. In this sense we will 
have to reckon with an inheritance of diseases and of conditions which make 
them especially inclined to predisposition to a disease. 

Besides •the transference of such physiological peculiarities which pro- 
mote disease in the host organism from one generation to the other, the pos- 
sibility of an inheritance of parasites through the seeds of the host plant 
has recently been disputed. Erikkson', one of the most prominent 
investigators of rust- diseases, describes a number of instances in rust of 
grain leaves which have led him to believe that with rust fungi embryonic 
developmental stages exist in which the fungi as naked plasma, Mycoplasm, 
appear united with the plasma of the host cell. Such symbiotic conditions 
can be present during the maturing of the seed and can exist as a dormant 
germ of the rust disease in the succeeding generation. With weather con- 
ditions favoring fungous, development, the rust disease becomes apparent by 
the mycoplasmated spots transmitted by inheritance in the form then known. 
The extraordinary difficulty of the question as to the existence of parasites 
in a mycoplasmatic stage has precluded as yet any fixed decision concern- 
' ing Eriksson’s point of view. If the possibility of mycoplasmatic conditions 
must be admitted, we still think, however, that Eriksson’s assuredly correct 
observations may have this significance since the forms described have as 
) et been found only near mature spore centres. 


10. Decenkration. 


From time to time, especially in practical work, it is asserted generally 
that our cultivated plants tend to degenerate, i, e. the quantity and quality 
of their crops diminish, and that certain varieties run out. The degeneration 
of such favorite cultivated forms, said to take place simultaneously in differ- 
erent localities, is often traced to senility since it is asserted that even those 
groups of forms, which we are accustomed to call sorts or varieties, like in- 
dividuals, are not able to live beyond a definite age. This point of view is 
supported especially by observations on our fruit trees, the varieties of 
which are known to be constantly propagated asexually by grafting or 
budding. Such varieties as a rule originate from one individual plant grown 
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in a definite regitin, the branches of which are at once distributed as scions. 
It is now thought that all individuals produced by asexual propagation act- 
ually represent only the continuation of the tree first developed from the 
seed. Now, since each individual has its own life period, this many-headed 
individual which we call a "variety” must fall victim to death after a definite 
length of time. In this way is explained the universally simultaneous sick- 
ening and dying out of many a variety. As examples of this kind are given 
Golden Pippin and Borsdorfer, two varieties of apple, on tjie degeneration 
of which there developed an extensive literature . in the seventies of 
the last century'. 

Other old fruit varieties (especially apple) are said to suffg" simultane- 
ously from sterility wherever grown, become cankered and die. Potato var- 
ieties, formerly widely acknowledged to be excellent, are no longer true to 
type and disappear from the market. The orange trees found formerly in 
European gardens as_ most vigorous old specimens become diseased every- 
where in spite of the greatest care. The celebrated orangeries at Sanssouci, 
Dresden, Cassel, Versailles etc. have vanished or are represented only by, a 
few often sickly trees. Indeed, even in Italy, large plantations of lemon and 
orange trees have been attacked by diseases at present apparently incurable. 
The cause is said to^be a weakness of growth which makes itself gradually 
increasingly felt, together with a diseased condition of the root. The same 
may be affirmed of grape vines and of olive trees, pomegranates, the Ericas 
(heathers) of Cape Colony, the Australian Papilionaceae and Myrtaceae, 
which formerly, as “Javanese” plants in special conservatories, formed the 
decoration and pridb of gardeners. Even in our species of grains, we have 
noticed the disappearance of the good old varieties. This is the opinion of 
the representatives of the theory of degeneration. 

The theory of the continuity of an individual through all the scions,^ for 
which the stock, or the parent plant rather, serves only as nurse, is based on 
the presupposition that this individual retains all its characteristics un- 
changed during its whole existence as a variety wherever grown and on the 
different stocks. For, at the moment when it must be granted that the habi- 
tat or stock may change any peculiarities, a variation in. the length of life 
due to different nutrition must also be considered a possibility. For this 
reason those who defend the theory of degeneration and a fixed life period 
of varieties (especiaJfy Jensen among botanists) insist upon the fixity of 
characters and support their theory by the fact that the varietal character 
always remaitis constant in seeds and in cuttings as well as in grafts. Defi- 
nite shoot variations produced on any one specimen (variegated leaves, split 
leaves, forms with weeping branches, fasciations etc.) which can always be 
■transmitted by grafting on new stock are proofs most often stated. 
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Such statements are refuted by the increasing results M grafting ' 

show the mutual influence and change in individuals, incited by grafting. It 
is known that a form of albiiioism, i. e. the condition of having wHite leaves, 
which we can perhaps call "marbled,” is transmissible from ssibn to slock. 
Differences in the development of a scion dependant upon its being grafted 
on dwarf species or wild stock are known. Just as abundant are the 
examples of changes in size, structure, coloration and taste of the fruit ac- 
cording to the habitat and climate. Finally it should not be forgotten, that, 
in extensive cultivation of varieties, *we always find some which “do not 
hold,” that is, which from the time of germination show so weak a growth 
that they soon disappear. This indicates a dying out of very young varieties. 
In this instance the theory of senility does not hold. 

In connection with the statement that varieties of fruit formerly highly 
prized no longer thrive and simultaneously run oub wherever grown,- it is 
interesting to compare some reports dating from the time when the question 
of degeneration became one of paramount importance, which concern directly 
some of the varieties of fruit said to be running out. Hogg stated in 1875, 
in “the Fruit Manual,” that Knight had complained of the "English Golden 
Pippin” as a variety at tfiat time degenerating because of senility. He says 
that Mortimer, almost a hundred years before Knight, had spoken similarly 
of the “Kentish Pippin.” Healthy specimens of both varieties, however, are 
still found in England. The length of life and strength of cultivated varie- 
ties (says Hogg) may be proved by the "Winter- Peafmain,” which may be • 
taken as the oldest English variety of apple, since it was mentioned in manu- 
scripts as early as about 1200. The Borsdorfer apple «nd the well-known^ 
plum “Reine Claude,” are very old. According to Bolle’, the “Reine 
Claude” must have originated in the 15th Century since it was named in 
honor of Qaude, the consort of Louis the XII (1490). 

• These few examples show that the theory of degeneration due to sen- 
ility of individual cultivated varieties or due tv> other causes has been formu- 
lated because a persistent retrogression has been observed in production and 
healthfulness from time to time in many localities, from which observations 
general conclusions have been drawn. The fact that in many regions culti- 
vated, well-preserved forms no longer show a thrifty grow'th and may Be 
replaced by others, is undeniable. But this fact only proves that, since each 
cultivated form makes definite demands in soil and climate, these demands 
can not be satisfied further in many places. Degeneration may be spoken of 
when a , cultivated variety runs out universally, even in places where suitable 
conditions have been retained. However, proof of this is lading. 

The breaking down of the varieties after long cultivation, may be due 
to twofold causes, either the cultural conditions have been changed or the 
character of the variety has become different. In the first place, the' fact that' 
cultural conditions in any one locality are different every year is One to 
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whiclrwe usua^y pay too little attention; Aside from the fact, that the: 
weather of one year always varies frcrni that of the preceding year, the soil 
too is always different; indeed partly because the time and method of 
working as well as the fertilization and previous cropping in ’themselves 
always effect changes, and partly because this changed arable land is also 
subjected to changed weather conditions, so that it differs every year physi- 
cally and chemically for the same variety. In the main portion of the book 
a sufEcient number of examples of the influence of planting, previous 
cropping, mechanical soil constitution and such factors wifl be cited and it 
will be shown how these can influence the character and power of resistance ; 
as, for example, to frost. 

In the second place we think that the running out of a cultivated variety 
can also arise because the, variety itself changes its character. According to 
our hypothesis, there is, in all organisms, no Stability ; there is no strict ma- 
terial or formal repetition of any process, because the organism changes in 
the smallest unit o^ time, at each moment confronts the same factors of 
growth as a different organism and strides forward to adjustment. Thus 
each variety, like every term of relationship or of classification, is only a 
frame work made up of common characteristics lin which individuals con- 
stantly fluctuate because of lesser variations. 

An excess of nitrogen develops a plant substance different from that 
produced by moderate nitrogen nutrition, a deficiency of potassium m^es 
an organ different from that grown with an abundance of potassium. Abun- 
dance of light and deficiency of light develop the cell wall in different ways, 
great warmth produces more sugar than scanty amounts of heat, etc. Exact 
examples are given in the chapters on the action of individual factors of 
growth. Therefore the organism is like wax which, because of the thrusts 
of the individual vegetative factors, is constantly pressed into other material 
forms. , ' 

The material constitutioi^of the plant body, however, is changed by the 
variations of the molecular arrangement which we call chemical changes, as 
well as by the mechanical ones in which the chemical composition remains 
constant. The mechanical disposition of water in the tissues, the substances 
carried in in the water, the tension conditions in the cell wall and the cell 
contents, are all factors which change constantly and as constantly influence 
each‘ otly:r differently. The slightest increase in the supply of light is a 
thrust 'wllfch not only influences the assimilatory process, but must also in- 
directly exSreise an effect on all other functions. This does not depend at 
all upon vvhether we can define these effects ; — the proof that they must take 
place is enough. 

Let us now considerhow the thrusts, of individual factors of growth act 
npnriafiV (Ml the plant body. Here we notice a peculiar alternation. At day- 
bte|k kcticMi of light begins ; — assimilation, evaporation, thickening of the 
c|j WaU etc, are increased, the whole structure reflects all the phenomena of 

Jj^t reactions. At nightfall, when the after effects of the light h|v* 



ceased, processes of oxidation come to the front, phendfrtwi^if increased 
turgidity, conversion of starch and the like. The same changes nia;f1>^lb- 
served in the media surrounding the plant, in the air and soil. A decrease 
of warmth and increase of water content must act powerfully on the plant 
body. With the change between day and night is associated the influence of 
the seasons, which forces upon the plants a period of rest after a time of 
production. Therefore we find in nature a “corrective periodicity” Amid 
these regularly alternating fluctuations of the vegetative factors, the plant 
balances its growth and completes its normal course of development. 

Since the duration and action of these periods in each year differ, the 
production of each plant differs also and the individual years are thus char- 
acterized. We speak of dry and wet years and know from experience that 
in the former, the yield of grain is noticeably large, while the straw yield is 
less on account of the shortness of the stalks. In wet years this is reversed. 
And although the farmer then complains that the baking quality of the flour 
has suffered, yet he emphasizes the fact that he finds'compensation in the 
greater straw Harvest. 

This example, taken from general practice, shows how great single vari- 
ations in the average perifidicity at once becomes noticeable since the prefer- 
ence is shown fpr' different peculiarities of the plant body. As long as this 
kind of one-sideness in development does not threaten the existence of the 
individual plant we may leave the results out of consideration and seek to 
equalize possible cultural variations (as, for example, by the crossing of 
grains possessing poorer baking qualities with those rich in gluten which 
come from dry, warm regions). 

However, the single prevalence of a definite atmospheric factor can also 
lead to direct disease since the effects are cumulative. Such an accumulation 
of effects may be compared to the increase in celerity in falling bodies where 
the distance of the fall equals the square of the time. If, instead of gravity, 
we assume another factor, such as wet, cloudj weather, it will in one day in- 
crease the water content of the tissue while the wall thickening remains be- 
low normal. On the second day, the first day’s action is doubled and the 
already porous tissue becomes still more porous. The thrust against the 
plant body, which in itself would not produce disease, is cumulative to an 
extent ultimately threatening the plant’s existence. Practically we find this 
even within one vegetative period, as, for example, lodging of the grain in 
rainy seasons. The moisture has lengthened considerably the cells at the 
base of the stalk while the deficiency of light has es.sentially arrested the 
thickening of their walls. The result is that the weakened base is not able 
to sufficiently resist the strain of the wind and gives way. The development 
of the grain is weakened on inhibited, according to the extent of this lodging 
and the phenomena resulting from it, so that the stalk iself is also brought 
to a premature deSth. 

Corresponding to the above mechanical .changes in the wall, the_^ cell 
^entents are subjected to changes leading to a diseased condition in the case 
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of other influences on the part of the vegetative factor .which accunili/att 
^ong one line. We find in heavily fertilked.nurseries, whole plots of lux- 
uurianfly growing sweet cherries with open or hidden gum spots and in 
forests whole tracts and healthy looking beds of conifers which show in their 
wood-tissue the beginnings of a resinous condition. In garden cultures 
especially, which on an* average are worked with the largest quantities of 
nitrogen, whole plantations suddenly become diseased and are abandoned * 
because the "plants will not grow.” Enough cases of this kind have reached 
me, in which individual breeders have announced that Begonias, Primula 
sinensis fl. pi., carnations, lilies-of-the valley, cyclamen and others which at 
other times .under the same cultural methods had always been produced in 
the greatest perfection, retrogress from year to year and “degenerate.” Sim- 
ilar conditions may be observed in field cultures. Entire fields of potato 
varieties which formerly gave faultless crops now easily become black 
specked. Sugar beets grown in the soil best suited to them tend to root rot. 
It has been observed in the root rot of beets that plants grown from trans- 
plants became diseased especially easily, while seedlings from the best and 
heaviest sugar beets showed almost no root rot. Cucumbers forced under 
glass, and those grown in fields in v/et, cold years are spoiled by gummosis, 
and the like. 

My experience in remedying such- occurrences leads to the conclusion 
thqt an increase of one definite line of development is concerned in 
these cases which is usually called forth by excess of nitrogen and water. 
Our constantly increasing intensive cultivation not infrequently leads to a 
showy luxuriance of the plants and then to a sudden collapse, if the equaliz- 
ing factor is not able to act in a corresponding amount. Accordingly in 
cases of a shown great nitrogen supply, I found the use of calcium phosphate 
to be very advantageous. 

Such one-sided lines of development will also appear necessarily jn the 
development of the seed. If it is cultivated from generation to generation 
under the same nutritive conditions, as when first produced, definite peculiari; 
ties of its place of growth must become hereditary through habit. Accord- 
ing to our theory that all peculiarities of an organism represent dynamic 
conditions and molecular vibration-groupings, the habit would necessarily 
be explained as inertia. The law of inertia of all matter requires that it re- 
mains exactly in the same course and at the same rate, of motion. Thus the 
organism' keeps on vibrating as it has once been impelled, until some factor 
of -vegetation changes the rate of it? growth or the direction. 

'Practice utilizes this circumstance in the “change of seed,” that is, in the 
use of seed from other places which have developed a definite desirable 
peculiarity. Thus the use of Swedjsh grain by Middle-European agricul- 
turalists has become more extensive because it is desirable to take advantage 
of the shorter vegetative period of the northern varieties. While an 
especially developed mealy .condition is typical of English wheat,^ regions 
vroh opposite climate conditions produce chiefly hard wheat etc. 
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Just as useful fypes of grain arise as the products’^of atmospheric and 
soil conditions, weakened conditions of the cultivated plants may^also be 
produced locally and transmitted through seeds. If these Hfeakened con- 
ditions are repeated from generation to generation by the persistence of 
causes and accumulate, they may lead in the end to a complete decline and 
to premature death. 

Yet this is, however, no degeneration of the species or variety, for all 
these characteristics may be reproduced under other cultural conditions. We 
perceive this from the fact that the useful special characteristics introduced 
by a change of seed, are retained only a few years. Then the imported culti- 
vated forms become changed and assume characteristics stfch as are due to 
the climati(^nd soil conditions in the place where they are cultivated. Such^ 
is also the experience in practice work which constantly attempts in some 
way to accustom (acclimate) highly productive species of a different climate, 
to some one cultural region. . 

If it seems desirable to apply the term “degeneration” to the above cases 
of the accumulation of peculiarities leading to a weakening of production 
and to premature death, it is possible at most only to speak of local transi- 
tory degeneration of a number of individuals. It is, however, really only 
a depression of the direction of development, which can be raised again by 
external factors, such as cultural methods. A persistent depression in 
growth as a result of the senility of an originally long-lived variety, is npt to 
be assumed, within any definite epoch. The disappearance of cultural varie- 
ties is explained by a decreased profitableness resulting frofn a deficient 
power of adjustment to our agricultural methods, which are constantly be- 
coming more intensive. 



SECTION . 2 . 


HISTORICAL SURVEY. 


In any branch of knowledge so young as phytopathology, any history 
of the science can scarcely be presupposed. And in fact the date after which 
:he teaching of plant disease was set up as a special branch is so recent that we 
are still able to survey completely the course of its development. 

If, however, the form of investigation is still new, the material, viz-., 
reports on plant diseases, is very old, extending far back in history. We can 
not go astray in assuming that there have been diseases since the existence of 
the plants began and that observations on th^e began with their cultivation. 
For we constantly see what heavy injuries are produced by atmospheric ex- 
tremes, and indeed not only by those disturbances which instantly kill the 
plant, but rather by such as weaken the individual in structure and form, 
anil slowly lead it toward a premature death, — i. e. make it sick. The action 
of injurious atmospheric conditions must have existed always and have 


made themselves evident in different forms. 

One of the oldest names which we find for certain forms of sickness, 
is ‘alight.” On this account we will attempt to trace the growth ‘of ’oijr 
branch of knowledge by following the observations of the diseases which 
this name connates. 

As the later reports show, at first all those phenomena were character- 
ized as "blight,” which appeared to the eye to have the color of burned or 
charred 'mattv, that is, black. Accordingly “blight” comprised on the one 
hand the groups of tree diseases, in which the dead bark assumed a black- 
ened appearance, on the other hand also the injuries to grain, the causes of 
which we trace back to smut and rust fungi. 

If we look first in the Bible for mention of diseases and especially of 
"bli^t,” we find, for example, the following:— *‘Tf there be in the 
land famine; if there be pestilence, blasting, mildew, locust, or if there be 
caterpillar; if their enemy besiege them in the land .... ^^ain. 
'"The, Lord shall smite thee with consumption and with a fever, and 


A First Book of Kings, Chaftter VIU, 37. Second Book of Chronicles. Chapter 
VI,^, , 

3 I>euterouoni)', Chapter XXVIII, 22 
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with an inflammation,, and wA nh extreme burning, and yvith the sword 
arid with iiarfiBg and with mildew; and they shall pursue thee until thou 

A -*» 

.'IKnsn. 

From these verses Eriksson* concludes that these statements, which 
are more than two thousand years old, refer to smut and rust in grain. 
He cites the word Schiddafon (heat) for mildew or blight and jjerakon 
(yellowness) for rust. The following sentences already quoted by PammeF 
point to mildew in grain; — “I have smitten you with Wasting and 
mildew : when your garden and your vineyards and your fig trees and your 
olive trees increased, the palmer-worm devoured them .... 
Descriptive of the extent of the failure in the harvest is the verse in 
Haggai*; “Since these dlys were when one came to an heap of 
twenty measures, there were but ten: — when one came to the pressfat for 
to draw out fifty vessels out of the press, there were but twenty. I smote 
you' with blasting and with mildew and with hail in all the labors of your 
hands . . . .” 

Among the Greeks, Aristotle (384-322 B. C.) mentions tlje years of 
rust and Theophrastus of Eresus (371-286 B. C.) recognized the varying 
susceptibility of the different varieties of grain to rust'. He reports 
also a second kind of phenomena termed blight, i. e. the bark blight of trees,*' 
since he says (Book 14, Chapter 14) that the cultivated trees are subject to 
several diseases. Among these, some are common to all trees while others 
attack only certain tree species. One universal disease is the attack by 
worms or by blight. 

Theophrastus, whose statements, according to Kirchner', are certainly 
based on his own observations, speaks especially of the blight and 
canker of fig trees and mentions in this connection that diseases of trees (as 
of animals) seem to be determined by climate, since in some regions these 
sjiine trees are healthy. The fig tree, he says further, is attacked mostly by 
blighl and canker. Blight (Sphakelismos), however, is spoken of when the 
roots become black, canker (Krados) when the branches become so. The 
wild dg tree, on the contrary, has neither canker nor blight. 

The statement, that some fatalities are due to the influence of atmos- 
phere and habitat, indicates to us the cause of the disease. Such phenomena 
can not really be termed disease, as, for example, freezing and what some 
call blight. In some places certain winds also kill and bum the plants, as at 
Chalcis in Euboea, wher^ the northwest wind is cold, if it blows shortly be- 
fore the solstice. It bla.sts the trees and dries them, almost more than the sun. 

1 Eriksson, Die Getrelderoste. Stockholm 1894, p. 8. (Here detailed historical 
reports on rust). 

2 Pammel, L. H., Weems, J. B, and Lamson-Scrlbner, The Grasses of Iowa. 
Des Motoes, Iowa; ^01. 

3 Amos, Chapter IV, 9. 

* Haggai, Chapter II, 16-17. 

* Natui^eschichte der GewS^chse. Translated and explained by Sprengel. Al- 
tOna la22. I. 

Schriften des* Tb'eophraat von Eresos. Sbnd. 
mahrb, f. klassische Philologie. Leipzig, 1874. 
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it is doubtful whether the disease mentioned here as cankier bears any 
resemblance to the outgrowths at present called canker. It is* certain, how^ 
ever, that Woody excrescences were also observed. If actual canker swell- 
iiigs are not concerned here, yet thf phenomena may well have been 
tneaitf^Wiiidjswe woidd now fall knarls. Theophrastus found this kind of 
swellings in olive trees and called them nails or scurf '(loxas-Iopasybecause 
they represent bowl-shaped nails on the trees. Sprengel says of these nails, 
that they have occurred recently very abundantly on the olive trees in Italy. 
They appear as round, warty outgrowths of the bark, depress’ed in the centre 
like a bowl. Among them may also be found similar swellings of the wood 
body. 

. It is scarcely credible that the points of |^ew expressed by closely ob- 
servant scholars of Aristotle, concerning the phenomena of disease here mem’ 
tioned, changed essentially in the course of the following centuries, for other- 
wise the celebrated encyclopaedist Plinius Secundus’, who lived from 
23 It) 79 D. and who possessed, a wide knowledge of literary sources, 
would have brought forward further material at the time he recorded scien- 
tifically the statements of Cato (de re rustica) and others as to the influence 
of the stars and the death of trees resulting from cold, heat, unfavorable 
position, soil, fertilization, incorrect pruning' and the like. The discoveries 
set down in his “Natural History” contain mpch worthy of notice regarding 
the influence of atmospheric factors, cultural mistakes, circumstances pre- 
disposing to disease etc. 

In the edition of the “Romischen Prosaiker” by Osiander and Schwab, 
the translator of Pliny (Kulb) has given a summary of Pliny’s sources and 
special remarks on the authors instanced in his “Natural History.” There 
is rich material here for a complete history of phytopathology. We must 
content ourselves with a reference to these carefully collected Greek and 
Roman sources and perhaps show by only a few more quotations what exten- 
sive discoveries had been made at the beginning of our era. According to this, 
there may be found in the seventeenth book of Pliny's “Natural History,” 
Part XXXVII., his statement of the action of frost. He says, “Not the weak- 
est trees are endangered by frost, but the largest ones, and, therefore, when 
they do suffer, the highest tips become blasted, because the sap arrested by 
the cold can not reach that point.” We find the_ following note about the 
phenomena, which we would now call “frost blight,” — “The evil influence of 
the stars depends entirely on the Heavens ; on this;jiccount there must also be 
included among these effects, hail as well as blight and the injury 
caused by white frost. The blight especially attacks tender plants if, enticed 
by the warmth of spring, they venture to break through the ground and it 
singes the juicy buds of germinating plants. In blossoms this is called 
bfasting.” ,j; 

In regard to carefully cultivated grape vines, one reads— “Moffier bad 
influence of the stars (atmospheric factors) is the covering with dew 

1 Plinli Secundi naturalia Historlae Ubrl XXJ^I edit. Janus. Book 



(roraticm, the fallhig on them of cold dewi Kulb) while they are in 
bloom, or when the berries become hard grains and spcdl before they ma^re. . , 
They also become diseased, if they free^ and the blight injuses the buds 
after pruning. Untimely tieat has ^le same.fesults,^£if everything, has its 
definite measure and goal." At present we summarize the experiences more 
exactly in oiir teaching of an optimum and of minimum and maximum limits 
for the factors of growth. 

In reference to defective cultural methods it is stated that diseases arise 
when the vine-dresser ties the vines too tightly or injures the roots yfhen 
digging around them and barks or bruises the trunk. Under all these con- 
ditions they (the vines) endure wet and cold much less easily because each 
injury penetrates into the w^d from without. Scarifying is recommended 
as a remedy because the thickening bark fastens the stems together and plugs 
them. As a protection against the frosts of winter, is mentioned the method 
by which water-ditches are dug about the grape vines in winter, when the 
ground is covered with snow, so that the cold can not blight them. 

The most abundant information as to cultural methods and the evils 
attendant on them may be found in the collection of excerpts from’old agri- 
cultural authors, which was made in the tenth century, the "teoponika.” 
We base our discoveries here on the books of the four well-known Roman 
Geoponicists, Marcus Cato, Terentius Varro, Palladius and Junius Modera- 
tus Columella, in which special attention is paid to the practice of fertilization 
and grafting. A compilation of the books. on agriculture by the authors 
here named appeared in Cologne in 1536'. 

From this work I will choose those places which show that the term 
“rust” as a cause of disease is of very early origin. Thus Varro mentions 
in the first chapter, among the gods, “qui maxime agricolarum duces sunt” 
.... “Quarto Robigum, et Floram, quibus propitiis, neque rubigo fru- 
menta, atque arbores, corrumpit, neque non tempestive florent. Itaque 
publicae Robigo feriae, robigalia. Florae ludi, floralia instituti.” .The ex- 
pression “rust” was used probably for all rust colored, diseased discolor- 
ations in' plants, for we find the word Robigo used by Columella to designate 
a disease of grapes which can be avoided, when frost threatens, by smudging 
the vineyards. In his book, “de arboribus,” Chapter XIII treats of : Ne 
rubi|o vineam vexet. It is recommended “Palearum aceruos inter ordines 
uerno tempore positos habeto in uinea: cum frigus contra temporis con- 
suetudinem ne intellex^ris, bmneis aceruos incendito, ita fumus n^ultun 
et rtdtiginem remouebit.” The following place is found in the "Eniicratio 
priscarum vocum” in regard to the interchangeable usage of "Rebigo” and 
“Rubigo” ; “Robigo, deus, quern putabant rubiginem auertere, est aute Rubigo 
morbus segetum”®. 


M. Catonis Uber I., M. Terentil Varrbnl* lib. ifi., Palladli Bb. 
aTv. et 1. M. Columellae lib. XIIL Priscarum vocum in llbria d© re rustic enar> 
Georglum Alexandrinum. Coloniae, Joannes diymnlcufl. jSio » 
jai>XXXVI. ' 

, 2 Here, as in the following eliaUons. we will follow our sources exiictly. 
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file next fifteen Hundred years accepted the obserfations and theories 
of the Romans, which may be jffjund collected in Pliny. For E. M^er* 
report^ from Petrus de Crescentiis who wrot^ his great work in 130S, 
the first eight books »of whkh treat of agriculture, that since Pallkdius 
DO one had written anything in Latin on agriculture. Only fragments of 
the Greek collection of the Geoponika were to be found. The older Wotfcs 
of Varro attd Columella were no longer suited to existing conditions, so that 
there was need of an up-to-date book on agriculture. Yet the book by Petrus 
de Grescentiis actually contained less than the books of the ol 3 er autfiprs, al- 
though he strived for a scientific foundation for agriculture and gave num,- 
erous directions for grafting various kinds of trees, in accordance with the 
favorite pursuits of antiquity and of the midde ages. In the same way in 
1600 Colerus® also only repeated the earlier statements regarding the 
cutpushings of the bark, — -“Inflammation of trees” (“Schwulst der Bewne”) 
under which there develops a putrid liquid. In this book the infisence of tie 
stars was believed in, with unshaken firmness. For example, in his “Horti- 
eultura” published in 1631, the renowned Professor Peter Lauremberg* of 
Rostock relates that certai^J stars like Orion, the Pleiades and others exert 
an especially injurious influence and that, as a result of injurious atmos- 
pheric influences, the so-called “secret evils” arise,' among which belong rust, 
carbuncle and mildew. 


We can naturally expect to find progress in the recognition of the sig- 
nificatme of disease among practical workers, whose cultural efforts are most 
sensitiPely disturbed by injuries making themselves felt in their work. The 
boi^ of the “Electoral Superintendent of Gardens,”- Heinrich Hesze‘,— 
which was famous in' its time, is interesting in this connecticai. He 


speaks of the blasting of the branches which he calls “blight and cold,” 
“otherwise there are three chief causes for the blighting of trees. First, 
superfluous moisture which, with inflammation of the sap, is collected be- 
tween wood and bark, distending the latter and blighting and blasting it. The ^ 
second is this,— that oftimes, thoughtlessly and with a lack of judgment, the * 
tree is set in a postion different from the one in which it stood before. This is 
very injurious, since the bark where it is brownish and has been exposed to 
the east or south, is therefore much harder than on the sides toward the 
north or west.' These are generally green, tender and immature. Therefore, 
some- injury must inevitably arise from this, since the north side ft not at 
all accustomed to the southern sun and is not only blasted- by the great heat 
but in the spring is injured by the hard frosts; hark is raised, thep l^er 
- in the day dried up and scorched by the sun. Fropi this the blight at once 
arises, since it is commonly noticed on the southern side." Here we have posi- 
tir^tr*>nal observations. The author relates further that he has never- 

""TSfe: S OeSnomla’Inl-H—ch etc. Ander Theil. Wlttenber* 

. Book V. Chaptor H^rticultura. FYancofurtI 1831. Cap/XX^fV. 

• « PetH lAurembergil, w etc. enlarged and provided with three 

' * Hellirlch Heszens, Neue Gartenlust , chapter vni. 

UMtul iii41ceh by Theodorum Phytologuro. w • P 
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theless preserved ti^es thus reversed in position by placing a Gbvenlg 
cow manure, oat chaff, glue and ashes onihe side of the tree unwisely t#ned 
toward the south. “The third case,' however, arises When a bread knife is 
used in grafting etc.” Perhaps Hesze has in mind here some parasitic in- ' 
fection and attempts to explain it. , 

Hesze (p. 312) writes "that canker ("Krebs”) really orginates from, the 
grafting of a tree at the time when the moon lies in the sign of%e crab or. 
scorpion . . . .” “This disease may be recognized by the fact thfit here apd 
there the bark throws up little hummocks under which the tissue is dead and 
black. This spreads further and further, ultimately infecting the whole trupk. 
Many scattered causes of canker have been brought forward, but the one 
given above is (he most probhble of all.” The Editor makes the following 
addition to this statement,— “So far as canker is concerned, no one 
cyi deny that it often arises high up on the trees, and, in’ fact, in the accumu- 
lations of dirt which collect between the trunk and the branches at their 
crotches. On this account, it is most necessary that the crotches always be 
kept clean and freed from all dirt. Thus the canker often arises from the 
same rising sap which produces blight and the two diseases often have but 
cne cause.” 

The author clearly describes the phenomenon which we now term limb 
canker and, instead of “ascending sap,” we insert, injuries due to frost with a 
subsequent infection by Nectria ditissima; hi^ presentation corresponds with 
our present conception of blight and canker. 

About this time in France, de la Quintinye wrote “Le parfait jardTnier”’ 
which is still much sought after. In thiS , >ve find canker briefly 
mentioned as a kind of gall (signifie une maniere de galle^u de pourriture 
seiche), formed in the bark and the wood and often found on pears (Poire 
oe Robine, Petit Muscat, Bergamotte), on trunks as well as branches. The 
conception of the swellings of the wood indicated by the term “canker” is 
found further in the writings of later horticultural authors, as, foi example, 
in Fischer^ . 

The boastful Agricola* (bom 1672) stands independent, that is, 
on his personal, repeated and practical experience. His actual service is 
found in his numerous experiments, carried out from 1712-1715, on the vege- 
tative reproduction of plants (especially by roots). He devotes the fifth 
chapter to “occurrences and diseases” and expresses himself, for exMnple, 
as follows; — “Mildew, Ruhigo, however, prevails at times, a£ a pestilence 
among trees. In spring, when the earth opens and the enclosed vapors be- 

1 I^e parfait jardinler etcr Par feu Mr. de la Quintinye. Paris 1695. Vol. I., 
p. 31. 

2 R. P. Christophori Fischeri soc. J, Pldssiges Herrenauge etc. Niirnberg 17l9. 5 
Section I., p. 168. 

8 Georg An^a Agricola, Philosophiae et Medicinae Doctoris^ und Physid 
Ordinarii in Regensburg, Versuch elner allgemeinen V*hmehrung, aller Btlunie, 
Stauden and Blum^gewdebse anjetzo auf ein neues Ubersehen usw. von C. Q. 
Brausern. Regensburg 1772. The origlilhl title raad,— ‘*A new and unheard of ex- 
penjnent, well founded in nature and in reason, for the universal increase of all 
trees, bushes and flowering plants,” 1716. 
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gio to rise, it inju|||s most of them and is nothing else than a very shaip and 
bitit^ dew, originating in the earthy, vapors and conducted from them .... 
In tte third place a disease occurs among trees, which is called sunblight, or 
hlightj uredo, which, however, may be of two kinds. First, when a fine rain 
.of dew falls or settles on the leaves while the sun shines, the ducts or tubes, 
■becc^ing flabby and distended, are contracted at once by the heat of the sun. 
Thus the leaves are scorched, begin to turn brown and black and fall. In 
the second case, the uredo or blight is found in the inner parts of the trees, 
in the pith .... The true cause, however, for the bligliled pith, when 
the^ tree is transplanted, may well be, that the common gardeners have the 
habit, in transplantigg, of pruning all the roots and do not understand how 
much they are injuring the tree. For the smallest roots draw the most sap 
from the earth, and these are the ones they cut off ... . Now because 
the root, together with the pith, is open and exposed, moisture can penetrate 
and injure the pith . . . 

In regard to canker, we find the “ascending sap” emphasized as its 
cause in the horticultural lexicon by Riedel published in 1751'. "Can- 
ker, tree-cancer, canker, devourer,” thus is listed the injurious attack 
on the trees which appears in the bark, — since it fornjs hummocks here and 
there and springs up, — And therefore, if the devouring evil is not overcome 
in time, one branch after another, and eventually the whole tree, is ruined 
.... The real cause, however, of this injurious attack on the trees is 
cither the evil peculiarity of the earth and the evil juices produced or arising 
from it«which become so inflamed within the bark that this looks black when 
removed, or the ascending superfluous rank juice, which, finding no escape, 
must clog and spqjl, thus becoming the cause of the out-pushing and bursting 
of the bark.” 

Instead of the ascending sap, the expression— “congestion of the sap,” 
is used at'present. 

As a remedy for canker, this author recommends cutting out the dis- 
eased places and coating with grafting wax. If the cause lies in the soil, fhis 
should be removed up to the roots and replaced by new soil. When the sap 
is excessive, the base of the tree trunk should be bored in February, and the 
hole wedged open for i to 2 days with a firm wooden peg or a strong root 
should be split, “ since the superfluous sap will then be drawn downward.” 

Philipp Miller* traces phenomena of disease directly back to frost, 
and calls the^ “blight.” Miller’s decisions are essentially a repetition 
of Hale’s themies that by blight (blast) not only frost but also sun scorch 
etc. are understood. Hale’s* statements* are important because he men- 
tions the transmissability of canker in budding and of its occasional heal- 
ing by being cut out. The observation of this, English experimentor on the 
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influence of the flry spring winds, which scorch the foliagi||8 worth noring • 
“The considerable quatjtity of moisture which is given off from the branches 
of trees during the' coW winter seasoj, plainly showJ' the/eason, why, in a 
!ong,series of cold, northeasterly winds, the blossoms and tender young set 
fruit and leaves are so frequently blasted in the early spring, viz. by having 
the moisture exhaled faster than it can be supplied from the trees.” 

Duhameh pays ^it attention to injuries . from frost and states 
‘ that trees are often attMed by swellings which may be more easily healed in 
younger than in older trees. At some place on the trunk, the bark is loosened 
from the wood ahd a' devouring pus occurs between the two. Devouring ab- ' 
scesses of this kind are called “canker” which is counte^ among the diseases 
p, reduced by a superfluity of sap. Das Niedersachsische Gartenbuch“ finds 
the cause from blight and canker in too thick standing of the trees, in un- 
favorable soil etc. • 

While in ancient tim^s and in the middle ages observations Ollivant dis- 
eases were usual^ limited to a perception of the mature phenomena visible 
to the naked eye and the solution of the questions of plant' life were sought 
almost entirely among experiments of budding, we find that the experiment 
itself attained its own'^portance with Hales and Duhamel. 

Simultaneously with experimental physiology came the wider classifi- 
cation of plant diseases. ' 

We follow here Seetzen’s.S treatment of the subject and its history. 
Seetzen states that Toumefort had a finished Systqpi*. His first class 
includes the diseases due to internal causes, as opposed to the sec- 
ond class, the diseases produced by external causes. To the first class he as- 
cribes;— i-La trop grande abundance du sue nourricier; 3-le defaut ou 
manque de ce sue ; 3-quelques mauvaises qua’lites qu’il pent acquerir ; ^-la 
distribution inegale daift les differentes parties des plantes. In the second 
class belong:— l-La grele; 2-la gelee; 3-la moisissiire; 4-les plantes, qui 
naissent sur d’autres plantes ; 5-la piqueure des iosectes ; 6-differentes tallies 
ou incisions, que I’on fait aux plantes. t 

We find Tournefort’s point of view in our modern systems. We group 
the c|jseases caused by excess or deficiency of water and food, with injuries 
produced by weather extremes (frost, hail) etc. In the same way, we treat 
wounds as a separate division. The parasitic diseases appear for the first 
time as such in Tournefort’s book. 

Less fortunate is Zwinger’s® system which appeared^ shortly after 

Tournefort’s and which also is fofujed of two main groups,r-{i) General 
*. 

1 La physique des arbres par Duhamel du Monceau. Paris i75S. p. 889. : 

2 Caspar Bechstedt. VoIIstandiges niedershchslches Land- und Gartenbuch. 

Plensburg und Leipzig 1772. I, p. 161. • . 

3 Systematum generaliorum de morbis plantaruxa brevis ditudlcatlo. "'Publico 
examlni submittit Ulricus Jasper Seetzen. Qottingae MDCCL3CXXIX. 

a Observations sur les maladies des plantes par M. Toumefort. Mdml.de I'Ac. 
Boy. des Sciences a Paris 1705, pi 382, • 

T 5 Jo. Jac. Zwingeri, DIss. med. inauguralls d'e valetudine plantafum fedwda st ' 
. adversa. Basileae 1708. ' • 
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aiiji (at Specifi^iseases. Thfi first includes: — La gangrroeL-fe dess&he- 
®ent — If surabondance de sue— le branchage excessif — une espece de ’galle, 
qiti manche I’ecorce. In the second main g^oup we' find^ — Le dessechement 
des racines — ^la separation de leur ecorce — la grosseur excessive des racines, 
qui retienent tout le sue de la plante — les excroissanees — ^les coups et les 
blessures. It is evident from this division ol closely related phenomena that 
the author had not fully mastered his material. ^ 

Eysfarth’s' system gives a classification wKch the laypian easily 
grasps. It uses as its basis the different periods of the plant’s life. In 
the first class are the diseases of the period of germination ; in the second, 
those of the actual, vegetative period and in the third class, the disturbances 
of the sexual period. Under each class are discussed the influences of 
weather extremes, injuries due to animals and other wounds. In this book 
there is also a chajfter "a rubigine aut pruina.” The thoroughness of the 
dtassifleation shows that the author had well worked out his material. 

Adanson* returns to Tournefort’s division since he sets up as his 
first main group the “maladies dues a des causes externes,” and as the 
second, the “maladies dues a des causes internes.” Even the introduction ■ 
shows the advance in microscopic investigation and^the increa5e4 attention 
paid to parasitic fungi ; under the first main group, the different chapters 
take- up, for example, Le givre ou Jivre (Erysiphe FaJ>ricii)—h rouille 
£^u(!t(j^Theophr. (Rubigo) — le charbon (Ustilago) la pourriture (^Caries 

Fabr.) etc. . . , t. ci c j 

Adanson often uses the terminology of Fabncius who probably had ■ 

published his studies in separate treatises before his classification had ap- 
peared as a whole, for his complete classification did not appear until I774_’- 
’ Fabricius certainly based his views on his own observations. This is 
less noticeable in the formation of the m'ain groups than in the sub-div«ions 
of the different chapters, in which a classification 'll the cases according to 
their different causes has been stated, even when the external appear- 
ance was similar. Thus, for example, we find jn the first mam group: 
“Vfrugtbargifirende Sygdomme," i.e. the disturbances leading to sterility; 
a section “Dovhed” which may be translated by etiolation or the yellows. 
This is divided into D. af Regn, af Kulde, af Rog etc. . H.s observation that, 
besides rain, cold and other factors, "yellows” rnay be prt^uced by smoke 
is also worth notice. In ttfe second main group, "Udtaerende Sygd, i.^ the at 
rophias, there is found under the section “Quaelels^ etiolation rom stedeU 
Indslttftling”*(too close planting), from “paa Lys (lack of light) and ^ 
clinging plants and insect. injuries. Another group ,s separated from these^ 
phencTOena,-“Taering” (Tabes, Jaunisse m Adanson) where y®' ^ ® 
is due' to insuflScient nutritive substances, unsuitable soil conditions, ex- 



cessive evaporation after transplanting etc; The third main group is taken 
up with “Flydende Sygdomme,” that'is, sap-cUrrents, under which is included 
honey-dew. In the fourth group are found the “Raadnende Sygdomme" 
which, according to our point of view, might be termed soft rot, putrefying 
bacteriosis or scrofula. Among the causes figure also the “Snylte-Planterne,” 
i. e. parasitic plants. In the fifth and sixth groups, wounds, frost splits, galls 
and monstrosities are treated. 

In 1779 ^peared the German translation of the Zallinger' classi- 
fication with the evident endeavor to utilize the terminology of animal path- 
ology in plant pathology. Zallinger makes five classes; — (i) Phlegmasiae 
or inflammatory diseases; (2) Paralyses seu debilitates, laming gouts or de- 
bility; (3) discharges and draining; (4) Cachexiae, bad constitution of the 
body; (s) chief defect of the different parts. In order to characterize his 
theory, let us look for the disease which, w'ith blight, forms the main example 
in our entire presentation, — viz. canker. Zallinger puts this in the class df 
the Cachexiae, in the subdivision of the ulcers, under which he includes rachi- 
tis or abortive growth, leontiasis or rough warts on the skin and others. He 
mentions blight, Gangraeno s. Sphacelus as an abnormal Cachexia, together 
with Phthiriasis or lousy disease and Vermiculatio, the production of worms. 
From this classification it may be concluded that the author has let himself 
be guided by the frequently similar appearance of the phenomena, for the 
dead places in the bark offer a favorable centre of attack by insects. What 
we now term grain smut is found as Ustilago, or deformity of the seed, under 
the class of draining. Fabricius had placed "Kraebs,” Jfancer, in the class 
of diseases of decomposition. 

Batsch^, in his introduction to the knowledge of plants, also pub- 
lished a survey of the diseases which he divided into those based on the ‘‘de- 
composition of the firm and fluid parts,” i. e. on the constitution of the plant, 
and into those caused by ‘‘animals and plants.” 

Any one, however, looking for our cryptogamic parasites in the latter 
section would be deceived. These are rather to be found in the first class, in 
agreement with the conviction already advanced by Zallinger fs. Ustilago), 
that the parasitic organisms are not independent plants but only develop- 
mental forms of the higher plants. Thus Batsch under constitutional dis- 
eases has one group “Brandige Veriinderung des Wesens,” change of char- 
acter due to blight, the first family of which includes the phenomenon, where 
a decomposition of the tissue into powder “smut, Ustilago” takes place. The 
second family contains the transformation of the tissues into “a spongy mass 
(Ergot, Clavus).” 

These views remained in force for some time, as will be seen from the 
following section. 


Krankhelten der FSanzen, Ihrer Kenntnis und Heilung; 
translated from the Latin by Joh. Count v. Aauersper^. Augsburg 1779. 8*. ’ 

2 A. J. G. C. Batsch, Versuch einer Anleltung aur Kenntnis and Geschlc^te der 
Pflanzen etc. I. Theil. Halle 1787. p. 284. 
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By means of the works of the authors mentioned and the discoveries of 
ifactical horticulture, as well as the great sensation called forth by the tree 
wax for injured trees which was discovered by William Forsyth in 1791 arid 
. universally overestiiriated, the conviction of the* agricultural significance of 
plant diseases was extended over so wide a circle that special books could 
now be published for this branch of knowledge. 

The year 179S makes us acquainted with three such works. TKetfirst 
one written by Plenk' treats of the diseases of all ci^ltivated pllnts 
of importance at that time and is based on thorough observations. tHe de- 
scribes thus : — “a spongy large outgrowth at some place on the trunk from 
which exudes, even in the most scorching weather, a caustic moisture which 
corrodes the whole extent of the swelling.” Thus Pyrus Cydonia, standing 
near a swamp, was attacked by tree canker while other quince trees planted 
in a higher place were healthy. The sap, it seems, becomes so caustic from 
the acidity of the standing water that it eats up the ducts. There are two 
kinds of tree canker determined by the difference in the location of the dis- 
ease ; first, open tree canker, when the canker knots appear on the external 
surface of the bark; second, hidden canker, when a sharp cancerous pus 
collects between the bark and the wood but does not escape from the bark 
in any place. In both cases the tree becomes incurably wasted, when the 
parts attacked by canker are not cut out at once and covered with wound 
w*x. In this blight Plenk distinguished between a dry and a moist blight. 
By the first he means ‘‘a black and dry wilting of the leaves or of some other 
part of the plant” and by “moist blight” he designates the “moist and soft 
degeneration of the plants into a putrid pus.” 

We find almost the same terminology in the explanation of canker in 
Schreger’s’ book which otherwise gives many of his personal obser- 
vations, In regard to the phenomena of blight in which the bark or other 
parts of the tree appear black and soft and are consumed, he says, “Such 
black spots of the bark grow further and further round about themselves 
even attacking the wood so that the bark itself at last splits off, as if dead, 
and the wood appears dry and black, as if burned.” This explanation cor- 
responds exactly with the phenomena which we perceive when frost causes' 
considerable injuries to the bark. In fact this observer arrives at the same 
conclusion as we do in regard to the cause. “Bruises from hailstones give 
rise to its production and also cold frosts. This frost is more injurious in 
low and moist regions than in high dry ones. For this reason there is less 
injury ^fom frost on windy nights than on clear, cold ones. If the trees 
freeze in winter and die, the cause of their death is usually a blight induced 
by this freezing. This happens sometimes when the severe cold comes top 
early in the autumn while the sap is still flowing actively ; sometimes in the 
Spring when the sap, so to speak, has begun to run. The latter case is the 

i'Kenk, Phwiologie und Pathologic dor Ptonzem Wien 1796. . . 

* .l^^hfungkm&saige inwelsung zur richtigen Kenntms der Krankheiten der 
Wald- und GartenSume. Leipzig 1795. 



most dangerous of all. Even in midwinter with very great cold they rardyjs 
freeze; it might be when it -has rained the day before.” On pages 420 and 
500, he says of apple and pear trees that “an excess of fatty, oily fertilizetf; 
easily develops blight and canker^” i. e. creates a 

The third one of the books published |n 1795, the one by Ritter v. Ehren- 
fels’ is even more specialized, for he treats only of fruit trees. He 
declares that all kinds of trees would be subject to blight and that "this decay 
which appears |rst in the hark and then in the wood” is the most common 
disease of trees and in some books is termed canker. Tlie description which he 
gives is so clear that it can be identified as the phenomenon now known as 
Nectria-canker. He says, “the indication of this evil attack is first of all a 
black, or blackish bark whihh, six or eight days after its appearance, is often 
pushed out, forms little splits and gradually loses its connection with the 
trunk of the tree so that it clings only loosely to the shaft. After some time 
the loose bark is entirely separated from the trunk and exposes the wood. 
In this new stage the vitality of the sick plant does its very best to help itself 
and unceasingly throws off the unfavorable or sick parts, but this vitality 
finally becomes weakened and the tree dies. The tree attempts to form a 
new bark which grows in folds more or less overlapping and tries to cover 
the exposed places” .... He ascribed the cause to injuries as, for 
example, from injudicious pruning, injuries due to insects arid the like, "even 
at times the tendency to blight lies in the disposition of the tree itself, 
disposition which the trees obtain from the soil in which they grow, from 
their descent and from an unwise cultivation.” 

In the pomological glossary published at the beginning of the last cen- 
tury, Christ’ added to the above by the further statement, that the blight 
“often is due to freezing in winter.” 

Burdach’ also bases his statements on his own observations and 
says pf blight, “this disease is an indirect result of weakness and commonly 
arises in those trees whose growth has been hastened by strong forcing and 
fertilizing or which have been transplanted to a poor garden soil where only 
the upper part of the ground has been improved. In cherry trees, still an- 
other evil ieffect arises from the same cause, viz. the exudation of rCsin or 
gum.” 

The theory of the influence'of the soil and fertilization, as among the 
most important causes of plant diseases, is now laid aside for some time and 
attention is given to the manifold and extensive investigation of the province 
of fungus life. . . 


•Although antiquity had already reco^ized a number of edWe and 
poisonous fungi, yet their attentive observation and systematic study began 

.1 Bitter y. Ehrenfelg, lleber die Krankheiten urid V^etzuiRgen der, Fruclrt- 
und Gartenbdame. Bresslau, HIrshberg und Lizsa .1796. , 

2 Pomologisches tJieoretigch-praktiBches Handwlirterbuch. Lefczig ISM. 

» System^Ches Handbuch der Obstbaumkrankbelteo. Bertin ISlSi 
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first in the Middle Ages with the foundation of classification of the vegetable 
kingdom. According .to the statements of Corda% Andreas Caes^jiinus 
'( ts83)%as the first to gather together the fui^ iti his celebrated book “De 
plantis.” ‘He describes sixteen genera, Tuber, Peziza, Fungus, Boletus, Suil- 
lus,Prunu^us, Prateolus, Familiola, Scoroglia,FM«3«r marinus, Gallimaceus, 
FuHgus pants similis. Lingua, Digitellus, Igniarius and Agaricura. As it 
seems, even marine animals have been included here. After almost one hun- 
dred years appeared Joannis Raji’s “Methodus plantarum” Londini 1682, In 
1710 Boerhave followed with his “Index plantarum horti ifugdano-Batavi’' 
and in 1719 Toumefort appeared with his “Institutiones Rei herbariae.” 

The chief work to which modem mycology muft refer appeared in 1729 
in Micheli’s "Nova plantarum genera" in which the fungi are most carefully 
described and illustrated in more than 100 pages and with 12 plates. Micheli 
studied their life phenomena more closely and was the first to observe the. 
attachment and dissemination of spores. Among the genera there described 
are found those which are considered in plant diseases, Aspergillis, Botrytis, 
Puccinia (now Gymnosporangium), Mucor and Ly cogala. 

There now follow in quick succession “Methodus fungorum” by Gled- 
itsch ( 1753) and the "Fungorunragri ariminensis histpria”by Battara ( 1755) . 
in which a special chapter treats of the usefulness and injuriousness of fungi. 
The close systematic description of the different genera and species begins 
'with Linnaeus’ “Systems Naturae” (i735). the "Methodus sexualis,’’ the 
“benera plantarum,’’ the “Corollarium generum” and. the “Philosophia 
botanica.” The third edition of this book, published in 1790 by Willdehow, 
contains an exact list of all botanists up to 1788. The work also mentions 
a number of diseases (Fames, Polysarchia, Cancer, etc.). On page 
245 of the present edition by Willdenow, are found the following remarks 
on parasitic diseases “Erysiiphe Th. est Mucor albus, capitulis, fuscis ses- 
siUbus, quo folia asperguntur, frequens in Humulo, Lamio. Acere etc. . . . 
'“Rubigo est pulvis ferrugineus, foliis subtus adspersus, frequens in Alche- 
milla, Rubo saxatili . . . .” “Ustil^o, cum fructus loco seminum f^- 
nam nigram proferunt. Ustiingo HordeiC.B^UstilagoAvenaeC.^. ... 
Then -follow notes on Ergot, galls and other malformations, changes in color 
etc. It is of importance to pathology that this exact systematist, can not sup- 
press the fact that really no two individuals resemble one another and that 
rUmaf.. as. well as soil constantly act in a modifying way on the organism. It 
is stated in fact in the Philosophia botanica, “Varietates tot .sunt quot differ- 
entes p|antae ex ejusdem specie! semina sunt productae. Varietas est planta 
mutata a causa accidental! : climate, solo, calore, ventis etc. , reducitur itaque 
in 5f)b> mutata.” . . . ■ Scopoli’s book “Dissertationes ad scientam 
naturalem pertinentes” (1772) treats especially of subterranean plants.^ In 
,4789*^116 publication of Bulliard’s “Herbier de la France” was begun m 
Paris, in which th^ifferent genera are illustrated on 6co colored plates, 
others Mud, Trichia, Sphaerocarpus, Nidularia, Hypoxylon) . After 

sum Stadium der Mykologie. 
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Batch’s “Elenchus fungorum” had appeared in 1783 in’Jena and, between 
1788 to 1791, Bolton’s "Sistoria fungorum, circa Halifax sponte nascentiura,” 
in which only Linnean genera are described, there was published in 1790 in 
Liineburg Tode’s valuable work which abounds in personal observations, 
“Fungi mecklenburgenses selecti.” The extremely careful illustrations include 
among others, the genera Acrospermum, Stilbum, Ascophora, Tubercularia, 
Helotium, Volutella, Hysterium, Vermicularia, Pilobolus which we now find 
among the excijors of disease. A. v. Humboldt, in his “Florae fribergensis 
specimen” (1793) has also described a considerable number of genera. 

But all these works, nevertheless, are to be considered only “contribu- 
tions.” A comprehensive methodical classification was first given by Per- 
soon’s “Synopsis methodica” (Gottigen 1801), for long a standard. There 
appeared in England, from 1797 to 1809, a work by James Sowerby con- 
taining 439 plates of valuable illustrations with the title “Colored Figures of 
English Fungi or Mushrooms.” 

Mycologists how tended more and more toward the study of the mi- 
croscopic fungous forms even if the optical instruments of the time did not 
make possible more exact observations. This applies first of all to Linck’s 
“Observationes in Ordines plantarum naturales” published in the “Schriften 
naturforschender Freunde zu Berlin” (3. Jahregang 1809-1810) and the 
illustrated work by Nees v. Esenbeck, abounding in copies from earlier books,, 
“System der Pilze und Schwamme,” Wurzburg 1817, which contains a sum- 
mary “of the theories of the lower vegetation stages in-historical fragments.” 
Here also are the statements of investigators beheving in spontaneous gene- 
tation. The author himself, if we understand correctly his grandiloquent 
natural philosophical presentation, considers the parasitic fungi in the lowest 
possible groups as structures produced from the mother plant itself. Thus 
he says, for example, of the Entophytes, “Their most peculiar characteristic 
is that they belong to the overloaded or exhausted life and generally, ifinot 
always, develop first under the common covering without any mixture ex- 
tending over the whole, and originally only in isolated places, formed in- 
dividually from the life of the whole. The dependence of the infusorial cell 
on the higher organisms is always shown by its superior position, due to its 
more or less lengthened stem. The cell grows before it has become free and 
its elongation on this foundation is the expression of the condition of polar- 
ity which has been brought about, not suddenly but organically, and which 
passes over into the cell from the main plant.” Under the genus Cyathus 
(one of the puff balls) (p. 141) it is said “the whole trunk species which 
we have described is only a thread of dust originating from the earth itself. 
The dust of the puff balls begets itself . 

^ At this time Elias Fries' classic work was published including all 
the known varieties of the fungus kingdom with clear diagpioses of 
genera and species. 

> Sysima mycologlcum T. I to m. Lundae 1821, Gryphtswaldlae 1829 to 1832— 
EUencnus Fungorum. Gryph. 1828, 
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The literature now begins to be increased by single works, scientific as 
' well as practical manuals and writings on both agriculture and horticulture 
which treat of diseases (Tessier, Jager, Hopkirk, the text books of Willde- 
now, Nees, de Candolle, Wenderoth, Reichenbach, Re and Kieser) to such 
an extait that we can now emphasize only those publications which deal most 
fully with the history of pathology. 

Among these belong primarily F. Unger’s’ “Exantheme der Pflanzen” 
published in 1833 and giving the results of the most industrious 
and conscientious studies. This physician, living in a small isolated Alpine 
valley, supplements his observations by many very careful original drawings, 
true to nature, on which he constructs .his theory of disease. “Most plant 
diseases are located in the juices .... The faulty formation and the 
numerous abnormalities in the chemical process of the nutritive juice as well 
as similar faults in the more highly active life-sap, are the causes of innumer- 
able diseases which become evident in a scanty formation of the plant sub- 
stance, the accumulation of excretory substances, the breaking up of the 
♦ parenchyma, the changed constitution of the secretions etc., or by conditions 
of an opposite character. In every case, most of the quantitatively and quali- 
tatively changed processes of the vegetative “chylopoese” might be taken 
as the source of diseases which may be recognized from the change in sub- 
stance rather than from that of form. The position into which a large 
number of the plants are transplanted often acts so detrimentally upon them 
that at leas! the'greater part deserve to be called diseased.” 

Although, according to tips presentation, we must suppose on the whole 
that Unger would consider diseases as functional and formal variations in 
the life-history of the organism, he, nevertheless, arrives at the conclusion 
that disease is something foreign. “For just as the cosmic and elementary is 
related to the organic, child-like, antitypical, as something parental or typical, 
in the same way the organism is related to the disease xohich is nothing else 
than a second lower organism whose elements already lie hidden in some 
other higher one.” In this theory lies the continuation of the thought ex- 
pressed by Batsch on the nature of the parasitic organisms. 

Unger states that “among the plant diseases least betraying any depen- 
dence upon the organism attacked and which in their root formations are 
still so intimately interwoven with this organism, there belong indisputably 
those forms which we designate by etiolation, dropsy (anasarra), jaundice 
(icterus), tympanitis, tabescence(tabesl, failure of crops, proflu via and others. 

These form in fact by far the majority. Greater independence is shown by 
the vast army of malformations, at the basis of which always lie deficiencies 
in the amount of sap and therefore a retardation in lovjer developmental 
stages., Honey-dew (Saccharogensis diabetica) is more important than these. 
Its pathological course was first recognized by L. Treviranus and its more 
universal significant* by Dr, H. Schmidt. Mildew is indisputably related to 

,1 Die Eiantheme der Pflanien und cinige mit dlesen verwandte Ifrankheiteii 
fler jSew&chse. Wein 1833. 



' ^is disease : the straining toward a more cofi^lex organizatloa of the exuded; 
j juices is made evident here bjj^.organic formations which are missi^ in 
honey-dew. These organic formations are still more independent in ruSt 
dew (fuligo vagans). Finally the disease organism appears in the excre- 
tions and the forms nearly related to them as a peculiar, complet# entity. 
Parasites belong here — the highest among them, such as some kinds of Lor- 
anthus, seeming to'have separated themselves entirely from the mother 
body.” , 

Unger’s views are also shared by Nees v. Esenbeck and A. Henryk 
who state in regard to puff balls that “the fungi clearly stand here 
at the lowest level . . . .” “They are correctly considered as the ma- 
terial of disease, as secretions of th^ higher pfants.” “The leaf fungus is 
formed in general by a coagulation of the juices discharged into th^ inter- 
cellular passages.” 

■t Theodor Hartig also wrote his work on the red and white rots of the 
pine under the influence of this theory. In this he confirmed first of all the 
co-operation of fungi (Nyctomyces)®. He tracpd the production of these) 
fungi to a decomposition of the cell walls. ^ 

Of the works which take up general constitutional diseases and scarcely 
touch upon the fungi, we will name those by Geiger* and Lindley* 
which in all essentials are based upon practical experience. On the 
other hand, however, Wiegmann’s® statements are evidently based 
on -microscopic studies and the bearings of chemistry. Tor Ixample, he 
states that the pus of tlje blight, as well as that of cank^, contains putric and 
humic acids, but that that of the blight contains more putric acid. To him 
both diseases appear non-parasitic in nature and he thinks canker' (jfaries, 
Necrosis) always arises from “a stoppage and deterioration of fRe juices, 
even if these were never present in dscess.” ^mong .the causes 
mentioned are injuries to the roots, or injuries from frost and unfavorable 
soil conditions, as, for example, “If the subsoil is moist, sour, stony or other- 
wise unfertile, or contains swamp ore.” 

Meanwhile, after Corda’s' greit work on fungi had begun to ap- 
pear;^ Meyen’s’ “Pflanzenpathologie” was published as a standard, which 
even now warrants consultation. He divides his material into “External 
Diseases” and “Internal Diseases.” Among the fprmer, besides the injuries 
. due to man and to animals, the formation of gnarls and galls, he includes 
also phanerogamic and cryptogamic parasites, of which the tlstilagineae 
and the Uredineae as well as other fungi are treated in detail, according to 

•'I* 1 Das System der PUze, Section I. Bonn 1887. 

2 .Abhandlung^Uber die Verwandlung der polycotylen Pflanzenzelle in Pllz und 
Schwanungebilae und die daraus hervorgehende sogenajinte F&ulnlsa des Holzes. 
Bernb’^33. 

8 Die Krank^eiten und Felnde der Obstbdume^ MUnchen 1^2&. 

4 The Theory of Horticulture. London 1840. - . 

8 The Krankheiten und krankhaftcn Mifsblldungen der Gewkchs© von Dr. A. F. 
Wlegmann sen. Braunschweig 1839. « 

^ « leones Fungorum hucusque cognitorum. Prague 1887 to 1854. 

J, Pflanzenpathologie, Lehre von dem kranken Leben und Bllden der Pflamen. 
Published after the death of the author by Dr. Gottfr. Nees v. Esenbeckj Berlin 1841. 



pe-aaoapomi oi me time. Meyen no longer shares 'Unger’s view v 

para^tesas excrement-organisms are the product of afortnative development 
lateiit in each plant, the disease occurring in a more or less developed form 
and state of independence according to the constitution and strength ^ the 
host-organism. Cfe the contrary, his Plant-Pathology, in the discussibn of 
smut fungi, emphasizes especially that “observations on the production of 
the smut show most clearly that we have to do here with true entophytes: 
we will find that some smut species are shown as particular parasitic growths 
in the interior of the cells of the plants attacked by them anS that the smut 
mass is hot to be compared with animal pus.” 


The whole title of Meyen’s “Plant Pathology” really reads :—“Hand- 
buch der Pflanzenpathologie und Pflanzenteratologie” edited by Dr. Chr. 
Gottfr. Nees v. Esenbeck. Vol. I, “Plant Pathology.” According to this, 
a second part, Teratology, was to be expected. Meyen himself intended tcf 
work up such a volume, but, according to the Editor, left no material for it. 
Jusf as Nees v. Esenbeck was about to undertake this himself, there appeared 
die “Elements de Teratologic vegetalc, au Histoire abregee des anomalies de 
I’organisation dans les vegetaux; par A. Moquin Tandon, Doct. scienc. et 
raed. etc., director du jardin des plantes de Toulouse. Paris 1841. C. F. 
Jaeger “Ueber die Missbildungen der Gewachse” (1814) and Thomas Hop- 
kirk. “Flora Anomala” (1817) should be mentioned as forerunners of this 
Fork. We learn from the German translation of Moquin Tandon’s' bdok, . 
that the'. translator, G. Schauer, was able, as specialist, to call attention to 
many misunderstandings and errors,made by the author, especially irf the 
Germa^fiMons and to make addUions from his own observations. Moquin 
Tandon sa^ “By the expression ‘malformations’, ‘monstrosities’ (monstra) 
is generall/\mdersto»d innate, ‘more or less important and complicated vari- 
ations from the type of a species, which are disfigurations and oppose the 
regular course of a functioning by hindering or arresting it.” We are better 
satisfied by de Candolle’s definition (Theor. element. I. ed. p. 406), by whi* 
monstrosity is any disturbance in the economy of a plant, which is followed 
by a change in organic form and arises from an internal disposition, almost 
never fiqm a visible, cause. Moquin Tandon’s book is still ind.spensible to 
every specialist because of its admirable bibliographical references. 


About this time, the science of infectious diseases remved a new im- 
petus because of the rapid spread of the potato disease which is still wort^ 
^ especial attention. It is one of the most dreaded enemies of agncultur# 
and is described in the text books as poUto 

of fe' first publications on this subject to Martins and from that 

^ reeelwidrigen Waclisftn und Bllden fi®? 

supplemented by Dr. J. C.. 

^''^'■S‘e^ofM»idemIe der letzten Jahre. MUnehen 1842. 
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time on a flood of publications, proportionate to the very severe Injury to 
national property from these diseases. We will emphasize among these pub^ 
lications only those of Focke^, Paycn’*, Schacht®, Speerschneider*, v. Holle”, 
Kiilm® and de Bary^ (Further bibligraphical references may be found in 
the detailed discussions of the different diseases). 

It was natural that a phenomenon, such as the potato epidemic, would 
necessarily bring fungous diseases into prominence and increase the whole 
study of mycology. ' At the same time the economic importance of smut 
fungi also began to receive greater and greater consideration. Tillet®, Tes- 
sier“, and Prevost*®, had early studied the smut of grains and at present we 
liave acquired a considerably extended insight into the nature of those dis- 
eases and also into the means of combatting them from de Bary’s” investi- 
gations and Brefeld’s. studies, extending over many years. The prevalence 
of smut diseases has led to the development of the sterilization of seed. 

In the second volume of this work, which treats of parasitic diseases, 
the overpowering number of mycological works will be mentioned,— we will 
here' mention only some of the most important ones, treating of fupgus 
families as a whole. Elias Fries’ great work completed in 1832, has already 
been considered. In 1831 the first part of Wallroths “Kryptogamenflora”'® 
appeared and in 1833 the second part. In this book the cryptogams 
were worked up by Math. Joe. Bluff and Carl Ant. Fingerhuth. In 1842 
Rabenhorst’s “Kryptogamenflora”'® began and in 1851 Bonorden’s “Hand- 
buch der Mykologie”**, which has proved to be very useful because 
of its- cuts of microscopic fungus forms, although these had been 
sufficiently considered in the illustrations of Schaffer, Persoon, Greville, 
Sowerby,' Sturm, Krombholz and Nees sen. To be sure Corda’s “leones 
fungorum” had already been published and his “Anleitung zum Studium der 
Mykologie’’®' which is provided with very small drawings; 'leaving the 
peculiarity of his Classification out of the question, however, Corda limit- 
ed himself to the easily visible developmental stages, while Bonorden sought 
to determine the tissue structure. This author, in opposition to Unger, em- 
phasized .the fact that parasitic fungi are unquestionably independent organ- 


I Die Krankheit der KartofEeln im JaJire 1845. Bremen 1846. 

Lies maladies des pommes de terre, des betteraves, des bl€s et des vlg^es. 
Paris 1853. 

sSchacht, Bericht iiber die Kartoffl^pflanze und deren Krankheiten. Berlin 1854. 

* Das Faulen der Kartoflelknollen., Flora 1857. Bot. Z. 1857. 

^ Ueber den Kartoffelpllz. Bot. Zeit 1858. 

« Die Krankheiten der Kulturgewacbse, ibre Ursachen und VerhUtung. Berlin 
1868. 

7 Die KartofCelkrankbeit. Leipzig 1861. 
s Dissert, sur la cause qui corrompt les graines de bl 6 , 1756. 

9 Traite des maladies des graines, 1783. 

10 M4moire sur la cause de la carle des bl4s, 1807. 

II Untersuebungen Uber die Brandpllze. Berlin 1858. 

12 Flora cryptogamica Germaniae auctore Ferd. Gull. Wallrothio, Med. et Chlr. 
Doctore etc. Norimbergae 1831-33. 

1 * Kryptogamenflora von Deutschland. Vol. I., Leipzig 1844. 2nd Edition. I-VIL 
1884-1903. ^ ' 

1 * Handbuch der Allgemelnen Mykologle etc, with 12 plates. Stuttgart 1851. 

16 Anleitung zum Studium der Mykologle nebst kritischer Beschrelbung aller 
bekannten Gattungen. Prag 1842. 
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isfflS) but maiiitained that it is the stomata which take up the spores and^ 
bring them to development in the air .cavities connected with them.” He said 
that algae, lichens and mosses which have no stomata and, for the same rea- 
son, young branches and twigs are free from parasites. He expresses his 
'spoint of view in regard to the action of parasites, as follows: — ^“That they 
hrst cause an hypertrophy and degeneration of the parts heavily infested with 
them, but when isolated they do not disturb the growth of the leaves.” Ac- 
cording to him, dry weather is essentially propitious for the spread of the 
parasites, "because it favors the scattering of the spores.’ On this ac- 
count Caeoma and Phragmidium are never found more abundant than in 
dry summers, as also the Caeoma ccrealium, the yellow com smut so in- 
jurious to seeds, which caused such great damage in 1846.” 

Kiihn in his “Krankheiten der Kulturgewachse” (Berlin 1858) attained, ' 
in the happiest manner, the end for which Meyen strove, viz. of uniting 
scientific studies with practical, experience in the treatment of plant diseases. 
However necessary and important purely scientific investigations may always 
be u^hytopathology, yet they achieve their full significance only by being 
tes^^yforactical agriculture. Only by practical work can it be decided 
whifce^he conditions of nature and of the laboratory favor the de^elop- 
menBpf the same parasites or other excitors of disease. So it is necessary to 
build TOytopathology upon a practical knowledge of agriculture and horti- 
culture The differences which have developed in medicine between 
the sciAtific investigator and the practicing physician must also necessarily 
ari* in the science of plant diseases. We term this practical side,— the pro- 
fession of "Plant Protection.” 

Mycological studies are a part of the indispensible fundamentals of plant 
protection and for this reason, we have given them the greatest possible at- 
tention in the history of phytopathology. Continuing with this in view we 
will name first of all the masterly plates in the book bythe brothers Tulasne 
"Selecta fungorum carpologia,” Paris. The English work by Berkeley 
"Outlines of British Fungology,” London i860, is most welcome as a col- 
lective 'work although it is mostly provided with very ‘rough illijstrations. , 
De Bary’s works continue to be of especial value. His results in this con- 
nection may be found summarized in the “Morphologic und Physiologic der 
Pilze, Flechten und Myxomyceten,” Leipzig 1866. 

We owe further important investigations to O. Brefeld, in his * Unter- 
suchungen fiber die Schimmelpilze," Leipzig 1871, 1872 and following, and 
Cohn for his “Biologische Mitteilungen fiber Bakterien,” Schlesische (]es. f. 
vaterl. Kultur, 1873, as well as for his “Untersuchungen fiber Bakterien” 
187s and for other studies contained in his “Beitrage zur Biologic der Pflan-^ 
zen.” In these Cohn has successfully advanced the history of the develop- 
ment of Bacteria. His pupil, Zopf, essentially extended these studies in the 
work “Die Spaltpilze,” Breslau {3rd Ed. 1885). Among the summaries of this 
t^e mention should be made of Eidara “Der gegenwartige Standpunkt der 
. Mykblogie init Rficksicht auf die Lehre von den Infektionskranldieiten, 
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Berlin (?nd Ed. 1872) and further Winter, “Die Pilze*Deutsdilands,’Oester' 
reichs tmd der Schweiz,” Leipzig 1884. Rabenhorst’s “Kryptogainenflora” 
brings the subject to completion. 

The most comprehensive systematic summary of all the fungi is con- 
tained in P. A. Saccardo’s “Sylloge Fungorum.” The eleventh volume with' 
a "Supplementum universale” was published in Pavia in 1895.* Sydow’s “In- 
dex universalis et locupletissimus nominum plantarum hospitium speciarum- 
que onmium fungorum,” fierolini, Fratres Bortftraeger 1898, carries the work 
further. This book contains all the fungi known up to 1897. Further sup- 
plemental volumes (XIV-XVI) were published in 1899-1903 and others arc 
to follow. Saccardo supplemented this great work on fungi with 1500 illus- 
trations which were published from 1877-1886 under the title “Fungi italici 
autographice delineati,” Patavii. ' 

In place of the sketchy drawings of this work, A. Si. Berlese' began to 
publish a series of most careful, colored illustrations under the title, “Icone^ 
fungorum ad usum Sylloges Saccardianae adcommodatae,” Abellini. The 
Sphaeriaceae Hyalophragntiae were furnished in parts IV-V, which ap^red 
in 1894. To our knowledge, the author had not finished the workj^j^pme 
of his untimely death. In the same way, we find colored illusWiti« in 
Cooke’s “Mycographia seu leones fungorum,” London; — the first py ap- 
peared in 1879 with cuts of the discomycetes. 

The publications on fungi and bacteria now become so nume^s that 
they are nc^onger to be mastered and make any further citations itnpossible. 
This compels us to refer io the "Botanischer Jahresbericht” which hasibeen 
appearing since 1873. 

It is natural that Teratolc^ has also developed further since Moquin 
Tandon. Among the works treating of the material as a whole, emphasis 
should be laid on M. Master’s “Vegetable Teratology,” London 1869 and 0 . 
Penzig, “Pflanzenteratologie,” systematisch geordnet, Genua 1890-94, which 
may be designated as the most complete book of reference on this subject. 

Because of limited space we must forego all further citations of my- 
cologica^ literature The reader will find the desired supplementafjr infor- 
mation in the second volume of this work. However, a brief reference to 
tHe numerous publications descriptive of fresh and herbarium material must 
be made in a presentation of the history of the development of this science. 
Among the herbaria which pay especial attention to plant diseases, there 
should be mentioned here, F. v. Thumen, “Herbarium mycologicum oeco- 
nomicum,” Teplitz, 1873-79, Rabenhorst, “Fungi europaei exsiccati” con- , 
tinned by Winter and Patzschke ; L. Fuckel, “Fungi rhenani exsiccati,” 2nd 
Edition 1874; Jak. Eriksson, “Fungi parasitici scandinavid,” Stockholm 
1882-1895 : G. Briosi et F. Cavara, "J funghi parassiti delle piante coltivate 
ed utili essicati, delineati e descritti,” Pavia, fasc. I-XII ( 1897) ; W. Kriegw, 
“Schadliche Pilze unserer«Kulturgewachse,” fasc. I. A. B. Seymour 
and F.'S. Earle, “Economic Fungi, Cambridge. Following in close comiec- 
tkm with Rehm’s ascomycete collection, published many years dp), areinany 



Herbaria representing the general fungus flora of different countries, as, 
for example, those by Saccardo, Sydow, Vestergren, J. B. Ellis, Jaap, Bub&k 
&d Kabat^ Posch etc. 


Although the science of plant diseases would refer to teratological phe- 
nomena only when it can prove, or at least suppose as a cause of the indi- 
vidual phenomena, some definite disturbance of putritive or structural con- 
ditions, it has been forced to take the animal world more ^d more thor- 
oughly into consideration. The following publications summarize the entire 
material or the larger part of it, are comprehensive and should be used for 
further study :—Ratzeburg, “Die Forstinsekten,” Berlin 1834-1844 and “Die 
Waldverderbnis,” Berlin 1866-1868; A Gerstacker, “Handbuch der Zoolo- 
gie,” Vol. II., Arthropoden, Leipzig 1863; E. L. Taschenberg, "Entomo- 
gie fiir Gartner und Gartenfreunde,” Leipzig 1871, and "Die der Landwirt- 
schaft schadlichen Insekten und Wiirmer,” Leipzig 1865. Further Nordlinger, 
“Die kleinen Feinde der Landwirtschaft,” Stuttgart i86p. Kaltenbach, “Die 
Pfl^enfeinde aus der Klasse der Insekten,” Stuttgart 1874, and Ritzema 
Bos^'Tierische Schadlinge und Nutzlinge,” Berlin 1891. The “Handbook of 
the Destructive Insects,” by C. French, published in Melbourne in 1891 by 
orderof the Department of Agriculture of Victoria, is less rich in material but 
better adapted to the practical needs of the layman, because of its colore<f 
plates. ' 

In the same year H. R. v. Schlechtendal published a smaller^pecial work 
on •gall formations,— "Die Gallbildungen (Zoocecidigp) der deutschen 
Gefasspflanzen,” Zwickau 1891. Ten years later G, Darboux and C. Houard 
published a comprehensive systematic work, — ^“Catalogue systemafique des 
Zoocdcidies de I’Europe et du Bassin mediterraneen,” Paris 1901. 

The “Forstliclfc Zoologie” by K. Echstein, Berlin 1897, may be 
especially recommended because of many careful original , drawings. The 
popular writings of H v. Schilling are especially useful for horticulture; 
we recommend "Die Schadlinge des Obst-und Weinbaues,” “Die Schadlinge 
des Gemiisebaues,” Frankfort a. 0 . 1898 and the “Practlscher Ungezieferk- 
alender,” Frankfurt a, O, 1902. The “Schutz der Obstbaume gcgen feind- 
liche Tiere” by E. L. Taschenberg (3rd Edition by O. Taschenberg), Stutt- 
gart 1901, is also well adapted for practical needs. 

’ As the science of plant protection develops there is a corresponding at- 
tempt to pfoduce iseference books treating some of the most important culti- 
vated plants, such as Eisbein “Die kleinen Feinde des Riibenbaues, 1882, with 
carefufty prepared colored plates and Emile Lucet “Les insectes nuisibles 
aux Roriers sauvages et cultives en France,” Paris 1898, with numerous 
{dates in black and white. Most complete is the work being done in the 
United States in protecting plants from these animal enemies. The Zooln^ 
gists in the several State Experiment Stations and the “Bureau of .Entomofr. ; 
hgy^ of the Federal Department of Agriculture in Washington, are'advanc-. 
rapidly the study of the enemies of cultivated plants, by new investig^-, 
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tions and by the distribution of popular treatises. More detailed references 
to zoological literature are to be found in the third volume of this manual. 

The number of text-books and manuals of phytopathology has grad- 
ually been in'creased since the publication of Kuhn's “Krankheiten der Kul- 
turgewachse,” as the understanding of the national economic significance of 
phytopathology has increased. First of all comes Orstedt’s “OmSygdomme 
hos Planteme, som fora^^ges af Snylteswampe, navnlig om Rust og 
Brand,” Kjob^havn 1863. This work was followed in 1865 by later reports 
on the alternation of hosts by rust fungi (Gymnosporangium Sabinae). 
About this time Hallier’s* book appeared which must be given more 
especial attention in a history of plant diseases because of the aflthor’s stand- 
point. Hallier's views leading to sharp literary disagreements, especially 
with de Bary, may be found in extenso in his later writings'". In his 
"Pestkrankheiten der Kulturgewachse,” he gives a list of investigations on 
the Peronosporeae and believes he has permanently established by these 
the correctness of his "Plastiden Theory." At the time of tlie “Cholera 
meetin|” in Weimar (1868), Hallier first made the assertion that the forms, 
summarized as Fission fungi (Schizomycetes) by Nageli were not indepen- 
dent organisms, but represent the products of the plasma of different groups 
of filament fungi. Hence Nageli’s family of the Fission fungi should be 
stricken out of the classification and infectious diseases as a whole be traced 
back to the action of such plasma-products (“Plastiden”). "In order there- 
fore to discover the origin of infectious diseases, it is necessary in every case 
to ascertain by inv^tigation which definite fungus produce.s the cells of con- 
tagion from its plasma (bacteria, micrococcus etc.) and in what way this 
lakes place.” In regard to the potato disease produce<M)y Phytophthora, he 
does not question whether this fungus is the cause of the disease, but only 
whether it may cause it less directly than would bacteria. “I have proved 
first and foremost that the bacteria which are the absolute cause of the pota- 
to pest, are produced by the “Plastiden'’ of the Phytophthora and that these, 
when once formed, are absolutely equal to the production of the plague ; that 
there is no further need of the mycelium and buds of the Phytophthora.” 
His numerous experiments ultimately led him to the view that, in all in- 
fectious diseases, human, animal and vegetable, three main points undoubted- 
ly come under consideration; (i) The absolute cause; (2) External or 
general furtherance (chance causes or predisposition ) ; (3) Personal fur- 
therance (susceptibility of the diseased individual). 

Sorauer in the first edition of his “Manual of Plant Diseases,” Berlin, 
Paul Parey, 1874, first introduced into plant pathology the view, that in all 
diseases not only the direct capse but also the earlier preparatory stages and, 
in parasitic attacks, the accessory conditions favoring the development of the 
parasites, including the disposition of the host organism, should be taken 

1 PpytopatUologle. Die Krankheiten der Kultursrewaehis& Leipzig 1868. 

a Die Plastiden der niederen Pflanzen. Leipsigr 1896.— Die Pestkrankheiten 
(Infektlonskraifltbelten) der Kulturgewkchae. Btuttyart 1896. 
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into consideration. This statement was definitely established in the second 
edition (1886) and in an abstract written especially for the practical agri- 
culturalist, “Die Schaden der einheimischen Kultnrpflanzen,” 1888. The 
delayed acceptance of these ideas is shown by the text-books which im- 
mediately followed. Of these the one especially valuable because of its num- 
erous personal investigations is “Lehrbuch der Baumkrankheiten”.by Robert 
Hartig, Berlin 1882 (2nd Ed. 1889). The third edition, in which the 
author rather unreservedly acknowledges a predisposition and differentiates 
local, temporal, individual, acquired and morbid predisposition, appeared in 
1900 with the title “Lehrbuch der Pfianzenkrankeiten” — Berlin, Julius 
Springer. A study of the phenomena of the decomposition of wood, with 
the title "Wichtlge Krankheiten der Waldbaume,” Berlin_i874, is an intro- 
ductory work for this textbook. 

Sorauer’s Manual was followed first by Frank’s detailed elaboration, 
"Die Krankheiten der Pflanzen,” Breslau 1880 (2nd Ed. 1895). The 
"Lehrbuch des Forstschutzes” by H. Nordlinger, Berlin 1884, is devoted 
especially to cultivated forest plants. Sofia’s book, “Note di Fitopathologia,” 
Firenze 1888, is more comprehensive and contains an atlas. This \As pre- 
ceded in Norway in 1887 by Brunchorst’s “De vigtigste Plantesydomme.’’ 
To this decenniura belongs also a number of noteworthy articles by Jensen, 
among which (according to Rostrup) is; “Kartoffelsygen kan overvindes 
ved en let udforlig Dyrkningsmaade,” Kjobenhavn 1882. 

While up to this time scientists had classified diseases according to their 
proved or assumed causes, Kirchner in 1890 published “Die Krankheiten und 
Beschadigungen unserer landwirtschaftlichen Kulturpflanzen,” Stuttgart, 
arranged especially ^or practical use. The diseases are listed here ac- 
cording to the different cultivated host plants and described according to 
their visible habit of growth. Systematic scientific supplements are collected 
at the end of the book. In accordance with the line of investigation of this 
author there appeared in 1895 n richly illustrated book treating of parasitic 
diseases only,— “Pflanzenkrankheiten, durch kryptogame Parasiten verur- 
.sacht,’’ by Karl, Freiherr v. Tubeuf, Berlin, Julius Springer. Parastism was 
here developed as a form of symbiosis and thereby referred to an internal 
and an external” predisposition for becoming diseased. The internal predispo^ 
sition depends on “the energetic condition of the living protoplasm of the host 
cell,” while the external one “is determined especially by anatomical condi- 
tions.” In the same year Prillieux published a two volume work abounding in 
personal investigations, “Maladies des plantes agricoles et des arbres fruitiers 
et forestiers,” Paris. This, the most comprehensive work in French on the 
subject, describes only parasitic diseases. They are treated scientifically and 
yet the practical side receives attention in so'far as means for coi^atting 
disease are considered. • 

An unlooked-for advapce in the studies on bacteria resulting from their 
m^y-sided, economic significance, made a revision and enlargemeiit of de 
' Bary’s “Vorlesuhgen fiber Bakterien,” necessary. In 1900, in Leipsic, Mig- 
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uJa, enabled by his own work, produced a new edit|pi to whr^^ added 
exact bibligraphical citations. * 

Meanwhile, as the necessity o£ familiarizing practical circles with the 
nature of plant diseases became increasingly more evident, it led th'e large 
German Agricultural Society to undertake the issuing of suitable publica- 
tions." In -1892 appeared the first edition of Sorauer’s “Pflanzenschutz,” and 
in 1896 its second edition, revised by A. B. Frank and P. Sorauer. TJie 
authors strived for the briefest presentation possible, classified the diseases 
according to the host plants and treated each disease under three headings 
Recognition, Production and Control. The tejct was supplemented by num- 
erous illustrations on colored plates. In the same way, Frank published a 
more detailed work with the title ;—“Kampfbuch gegen die Schadlinge un- 
Sfrer Feldfriichte.” Berlin 1897 aiA Sorauer one,*entitled, "Schutz der Obst- 
baume gegen KraiMeiten,” Stuttgart 1900, provided with numerous figures 
in the text. 

Of books in ioreign languages, there appeared about this time, W. 
Kriiger’s treatise on4he diseases of sugar cane in the “Bericht der Versuchs- 
station fur Zuckerrohr in West-Java, Kagok-Tegal,” published in 1896. This 
treatise took up thoroughly the Sereh disease with a conscientious use of the 
pertinent literature. Subsequent to it appeared in Leyden in 1898, H. Wak- 
ker and G. Went’s “De ziekten vom het suikerriet op ja\a,” which should be 
recommended because of its many plates. 

Delacroix treats the diseases of coffee especially in his book, “I^s mala- 
dies et les ennemis des Cafeiers,” Paris (2nd Ed. 1900). Two years 
later D. McAlpine, in Melbourne, published "Fungus diseases of stone-fruit 
trees in Australia.” 

■ The last named publication considered cultivated plants only. The need 
of w comprehensive treatment of the whole field of diseases was shown and 
after a long interval, a response, the manual, "Plantepatologi” Haandbog i 
Laeren om plantesygdomme af E. Rostrup, was published at Kjobenhavn in 
1902. This book, elegantly gotten up and attractive because of its many 
careful original drawings, lays emphasis on fungous diseases, the known 
number of which the author by his many personal observations, published 
after 1871, had increased. To facilitate the consultation and discovery of the 
different diseases, a fist was placed at the end of the book, arranged accord- 
ing to the host plants. 

In 1903 the Japanese published a book which should be considered as a 
significant cultural advance. We have a German translation 'of this entitled 
Lehrbuch der Pflanzenkrankheiten in Japan,” Ein Handbuch fiir Land- 
und Forstwirte, Gartner und Botaniker. Von Arata Ideta (sr^Ed.) Tokio 
1903)* This work is provided with a glossary of technical ’ terms in 
German, English and Japanese and contains plates and‘^44 text figures 
^ned out in fine line-drawings (moftly after dSerraan authors). i- ' 

In a science like phytopathology, in which the results of all mitiga- 
tions are intended for use in practical indus|ry, the need is at once felt of « 
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jluafeng^tlle forms ^ causes of disease more easily comprehended by fte 
layman, by means of colored illustrations. On this account, without r^fard 
to S^iaV works on iun^, we often find the text supplemented by 'colored 
’picfures of the habit of growth. An attempt to present the most important 
diseases in the form of a portfolio wdth short descriptions of the figures on 
the plates could he undertaken only after a more widely extended under- 
standing of the importance of this branch of knowledge had insured a suf- 
lldent number of purchasers. Accordingly, smce 1886, Paul Patey of Berlin 
has issued Sorauer’s “Atlas der Pflanzenkrankheiten,” of which six folio 
numbers have already been published. The especial care used here, in hav- 
ing the different colors true to nature, made the price such that Jhe publica- 
tion had a smaller circulation among practical workers than in scientific in- 
stitutes, and accordingly a need was gr^ually shown for the publicatioj^of 
a less expensive work. This appeared under the title, “Atlas der Krankhei- 
ten und .Beschadigungen unserer landwirtschaftlichen Kulturpflanzen," 
edited by 0 . Kirchner and H. Boltshauser and publishfd by Ulmer, Stutt- 
gart. This is now completed in six numbers. Meanwhile the Deutsche 
Landwirtschafts-Gesellschaft discovered, by its publication of "Pflanzen- 
schultz,” that at present the time is ripe for extension of fte knowledge 
of diseases among practical agriculturalists, and that it can be carried through 
most successfully by such brief guides. The society published the third 
edition in 1904, revised by Sorauer and Rorig, with seven carefully pre- 
pared plates. The “Atlas des Conferences de Pathologic vegetale" by 
Georges Delacroix, Paris 1901, should be mentioned as of special service to 
the systematic study of diseases. This gives the most important diseases of 
cujfivated plants in 56 plates in black and white. In 1902 Delacroix pub- 
lished by order of the French Agricultural Department a small work, “Mala- 
dies des plantes cultivees," Paris, which w'as written chiefly for gene^ use 
and is supplemental to the above. 

The most significant scientific advance is the publication of monographs 
covering the separate fields of disease'. This method has also appealed 
especially to recent workers in plant pathology. In accordance with the im- 
portaitce of the disease, thorough study has been devoted to the rust fungi, 
especially of grain. In 1894-95 the German edition of a 463-page work by 
Jakob. Eriksson and Ernst Henning was published, — "Die GetreiderOste, 
ihre Geschichte und Natur, sowie Mafsregeta gegen dieselben," Stockholm. 
This work, which attracted much attention, appeared as a volume of the 
. "Medifelanden fran Kongl. Landtbruks-Akademiens Experimentalfalt," and 
its I J colored plates show clearly the diseases due to grain rusts. It proves 
.Jhe i^eiaj|gation of parasitism in the fungi of grain rusts. Besides this, the 
t^es^ the discussion of the determinative factors and tests 4 he posi- 
^ tio^ the physical and chemical constitution of the soil, the previous cropping, 
titpfc9f seeding etc. 

- . 4 b 1904, H. Klebahn published an equally careful work with a larger 
fiel 4 ?nd based on his personal studies, entitled:— “Die wirtswechselnden| 



Rostpilze,” Versuch einer Gesamtdarsteilung ihrer biologischen Verhaltnisse. 
Berlin 1904. Gebr. Borntrager. A chronological table gives a list of the- 
heteroe'cious rtlst fungi discovered since de Bary’s first investigations made 
in 1864 with Puccinia graminis. The text treats in the greatest detail and' 
with pertinent bibliographical references, gradation of differences, limi- 
tation of species, specialization and theory of descent,, susceptibility and 
transmission of rust diseases in seed. With this is aljo discussed thoroughly 
the mycoplasm theory brought forward about 1897 by Eriksson. This point 
has already beeS discussed (see p. 34). Eriksson’s latest studies appeared in 
1904 in the publications of the Schwed. Akad. d. Wissensch. under the title : 
“Das Vegetative Leben der Getreiderostpilze.” 

A further important advance in the creation of scientific foundations is 
shown in the “Pathologische Pflanzenanatomie” by Ernst Kuster, Jena 1903, 
published by Gustav Fischer. Guided by the discovery that a distinct sepa- 
ration of the natural forms into normal or abnormal can not be carried out, 
Kuster tests the phenomena from the physiological point of view, i. e. as to 
the functional efficiency of the tissues. “The tissues are prevented from de- 
veloping into functionally efficient, i. e. normal tissues, by influences of some 
kind or funcfionally efficient tissues undergo subsequent changes in which 
they forfeit entirely or partially their functional ability, or new tissues are 
produced in the plant body of such a nature that its diseased and deformed 
organs either accomplish nothing for the organism as a whole, or less than 
those which we designate as normal.” We find ^n this work a successful 
attempt at presenting the developmental mechanics of the vegetable organism. 


A periodical, literature developed along with the attempts to organize 
the protection of plants. The guiding principle was the practical question, 
how the spread of disease and the enemies of cultivated plants may best be. 
prevented and how their direct control can be most advantageously accom- 
plished. 

This question was considered more closely first in the United States of 
North America, since in 1887 stations were formed by the Department of 
Agriculture for the study of phytopathology and of insects. These most 
active institutes and experiment stations first of all issued annual reports and 
then later special publications pf scientific investigations. The report of 
1889' gives a closer insight into the organization of the service. We 
learn from it that the Phytopathological Division published its investigations 
in a definite periodical “The Journal of Mycology” and also distributed pop- 
ular bulletins of some of the most important diseases. Correspondence conr 
sisting of replies to queries consumes much of the activity of these, stations. 
For example, in i88g the questions sent by practical agriculturalists de- 
ipandedrSfioo replies. These scientists||^esire chiefly to test results of lab- 

r Report of the chief of the Division of Veeretable Pathology for the year 1889. 
Published by the authority of the Secretary of Agriculture. Washington 1890.- 
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oratory studies by field experiments. With the intention of carrj’ing out such 
practical agricultural experiments, the pathological division has installed cer- 
tain supervising agents. When the results of such experiments, conducted in 
the open in different regions, corresponded sufficiently well, general conclus-* 
ions were drawn and the results published as speedily as possible. 

In Germany the first attempt toward organization was shown at the 
Agricultural Congress ki Vienna in 1890, where Eriksson and Sorauer 
brought forward a proposition recommending to the govemmpnt regulations 
similar to those already carried out in America. With the intention of work- 
ing out a special plan and the development of effective activity, an “Inter- 
nationale phytopathologische Kommission” was formed by representatives 
of all European agricultural countries and Sorauer, as secretary, was com- 
missioned to bring out suitable publications. This furnished an incentive 
for the foundation of the “Zeitschrifl fiir Pflancenkrankheiten” the first 
.annual series of which appeared in 1891. In the same way the interest in 
establishing experiment stations and similar institutions for the special culti- 
vation and the protection of plants in different countries, was stimulated and 
successful. In i88o‘ Kom-Breslau published in Prussia a very thorough 
report, “Ueber . die Begrundung einer wissenschaftlichen Centralstelle 
behufs*Beobachtung und Tilgung der Feinde der I-andwirtschaft aus dem 
Reiche der Pilze und Insekten.” The Imperial Government should have re- 
sponded to such stimuli through the German Agricultural Council. In June, 
1889, Julius Kiihn, through whose endeavors the experimental station under 
Ilollrung was established in Halle a. S., brought this same subject before the 
German Agricultural Society and in 1890 the Society established a “special 1 
committee for the protection of plants” whose Board of Directors was form- 
ed by Julius Kiihn, A. B. Frank and P. Sorauer. This special committee estab- 
lished a net-work of information bureaux for practical agriculturalists which 
covered the whole German Empire, and published successive “Annual Re- 
ports from the special committee for the protection of plants,"" after Sorauer 
had begun ki 1891 a statistical revision of the rusts of grains. 

In 1890 the Phytopathological Laboratory at Paris was opened under 
Prillieux and Delacroix and in Amsterdam on the nth of April, 1891, the 
Netherljuid section of the International Phytopathological Commission was 
established. This commission called Ritzema Bos to Amsterdam in 1895 as 
director of the * “Phytopathologisches Laboratorium W'Hie Commelin 
Scholten.” In this year, at the instigation of the Holland Phytopathological 
Association and of the Phytopathological Division of the Botanical Society 
Dodonaea, the “Tijdschrift over plantenziekten,” edited by J. Ritzema Bos 
and G. Staes was published. Meanwhile, an experimental station was found- 
ed at the Pasteur Institute for the purpose of combatting injurious animals 
by’means of contagious diseases. In 1894 this was placed under the direction 
of ifetschnikoff. As director of th«a“Experimentalfaltet” at Albano, near 
Stockholm, Eriksson was untiringly active. In 1895 he published test ex- 

1 Archlv fles Deutschen LandwirtschaftBrates, Part 8. p. 307. 

> Jahresberichte des Sonderausscliusaes fttr Pflanzenschutz. 



amples for the special forms of grain rusts after which, in February 19(51, 
the State granted him a fund of ^0,000 KroriSn because of these ^dies. 
The question*of rust which is also of the highest significance in Australia 
Jed in 1888 to the annual meeting of a Congress of Members of the Austra- 
lian Colonies which, for a considerable number of years, published an offici^; 
report, "Rust in wheat Conference.” 

In Germany, Sorauer’s “Zeitschrift ftir Pflanzenkrankheiten” was fol- 
lowed in 189^ by C. v. Tubeuf’s Forstlich-mlurwissenschaftliche Zeit-^ 
schrift" which devoted especial attention to plant diseases. In 1898 the“Kgl. 
bayrische Station ftir Pflanzenschutz” was founded with von Tubeuf as di- 
rector. Besides this, reports in the collective work, "Just’s botanischer Jah- 
resbericht,” published since 1873, became much more abundant, since a 
greater number of periodicals now included the 'subject of plant diseases in 
their programs. Among these belongs first of all the "Centralblati fur Bak- 
teriologie, Parasitenkunde und Infektionskrankheiien" issued by Uhlworm 
and Hansen, as also “Hedwigia,” edited "by Hieronymous and P. Hennings, . 
the “Eotanische Centralblati,’’ elaborated by Lotsy, also Biedermahn’s 
"Centralblait fur Agriculturchemie,” edited by Kellner, the "Naturwissen- 
schaftlkhe Zeitschift fiir Land-und Forstwirtschaft” by von Tubeuf and L, 
Hiltner and the “Practische Blatter fiir Pflamenbad und Pflanstenschuts" 
by L. Hiltner. We find thorough reports, especially on tropical cultivated 
plants, in “Tropenpflamer,” Zeitschrift f. tropische Landwirtschaft, by O. 
Warburg and F. Wohltmann as well as in its “Beiheften” (supplements) 
which form the organ of the “Kolonialwirtschaftlichcs ^omitee zu Berlin.” 

, In the German East-African colonies, Zimmermann is especially active in 
pathological fields as is shown by his “Mitfeilungen aus dem biologisch-land- 
wirtschaftlichen Institute Amani.” In Austria the "Zeitschrift fiir das Land- ' 
mlrtschaftliche V ersuchswesen in Oesterreich” was founded in 1898, In the 
following year P. Nypels began a series of publications under the title "Mal- 
adies des plantes cultivees” Bruxelles. In 1900, v. Istvanffi published the first 
volume of the “Annales de Tlnstitute Central ampelologique Royal Hongrois” 
as the report of the Central Vineyard Institute which had been placed under 
his direction. Here also especial attention was paid to diseases. The same 
is true also of the "Jahresberichte der Kgl. Lehranstalt fiir Obst-,Wein-und 
Gartenbau” published by Gdthe and later by Wortmann in Geisenheim a. Rh. 
and the annual imports of the "Deutsch-schweizerische Virsuchsstatiqp fiir 
Obst-Wein-und Gartenbau zu Wadensweil,” Zurich, revised by Miiller- 
Thurgau. 

This list of periodicals which in part review German a'nd foreign litera- 
ture and in part publish original articles, gives an insight into the unusually 
rapid growth of material which necessarily flemands a unified summary in 
some collective work. Hollrung devoted himself to the working out o^^such* 
a summary and since 1899 has been publishing a "Jahresbericht ufe die 
Neuenmgen und Leistungen auf dem Gebiete der Pflanzenkrankhdten,”: 
perlin, publishing house of Paul Parey. ' : 



Thus the new science-of phytopathology has taken to itself the same 
literary methods which the Wilder branches of knowledge use and which are 
Uai^snutably necessary for scientific progress. ■ But the practical side of 
phyttfhthology, VIZ., the protection of plants, has also found a desired de- 
, velopment. The idea of establishing special institutions, suggested in 1880 by 
*Kom. actively advocated in 1889 by Kuhn and further developed by Sorauer 
at the, International Agricultural Congresses and in the "Zeitschrift fur 
Pflanzenkrankheiten was brought in 1891 to general attention in the Pruss- 
ian Abgeordnetenhause (Chamber of Deputies) by Schult^Lupitz in the 
form of a motion. On the 27th day of April of the same year the “Reich- 
sanzeiger gave out that the motion of Schnltz-Lupitz had been referred to 
the Royal State Administration for discussion and at once the Department 
of Agriculture attempted toj test the question in how far the production of 
plants could be advanced by the enlargement of the scientific institutions sub- 
ordinate to that purpose. As the question received a more thorough con- 
sideration, it became evident that the best interests of the protection of plants 
could only be had from an Imperial Institution. Such was now formed in 
connection with the Imperial Board of Health as a “Biologische Abteilung 
ftir Land-und Forstwirtschaft” and since 1905 this has been an ‘independent 
institution -of the Empire. The department, at present under Aderhold’s di- 
rection, possesses in Dahlem, besides the proper laboratories, a very expensive 
experimental field and has published its results at indefinite intervals since 
1900, Besides these scientific works the "Biological Division" also publishes 
popular bulletins and colored posters and in this way promotes the knowledge 
of the most abundant animal and vegetable agencies injurious to plants. In- 
formation as to their control is also distributed gratis, directly to these 
, workers. 

Besides the above mentioned imperial institution which now bears the 
title, “Kais. Biologischi Anstalt fiir Land-und F oriswirtschaft," we find in 
the different German States many organizations for the furtherance of plant 
protecdpn, which in part are associated with the already existing high 
schools and experiment stations and in part are independent establish- 
ments. Among these, besides the institutions already mentioned at Halle 
and Gej^enheim, there should be named also the Anstah fiir Pflanzenschutz 
in Hohenheira, founded in 1902 and now under the direction of Kirchner. 

We also find in the other European countries an active development of 
the study of plant diseases, proved by the publications of many institutions. 
Among thesi belong the “Bulletin de la Station Agronomique de TEtat a 
Gembloux,” Bruxelles (Em. Marchal), and “Travaux de la Station de path- 
ologie vdgetale,” by Delacroix, Paris, the “Tijdschrift over Plantenziehten” 
(Wtzema Bos) already mentioned and the “Landbouwkundig Tijdschrift,” 
the "Ovelrsigt over Landbrugsplanternes Sygdomme” Kjobenhavn, in the 
"Tijdsskrift for Landbrugets Planteavl,” Kjobenhavn (Rostrup), the "Upp«, 
satSer i praktisk Entomologi,” Stockholm (Lampa). “Beretningto Skadein- 
seJrtef Og Plantesygdomme," Kristiania (Schoyen). “Berattelse ofver skad- 
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' einsekters upptra'dan’de i Finlantf ’ (E.; R^ter).,% the “iUndbniksstyrelsenk 
meddelasden,* Helsingfors, the'“Annuaj-repoi.rt'of •the.cojjsultinf botaWist” 
(Carrtrthers) in the ‘^Jogrn'. Rdyal Agric. Soc.,” London. ' ' i , - 

’ It is , a matter of fact that countries, outside of EpVope have i^t been 
backward in the endeavor to increa«e plant protection. This -branefi of 
knowledge has 'been most advanced in Norttf America jvliere tfle Department* 
of Agriculture Washington Jia's devoted special attention as well to animal , 
enemies. Besides. esta^iShing the “Division of' Entomdlogf ” which, by its 
valuable investigations,, cohtributes essentially to the knowledge of. animal, 
injuries, the organization' of meetings of agricultural zoologist^ iseespeciallj. 
noteworthy. In .these meetings questions of general' jignificance are dis- 
cussed. Besides this, many investigalprs in thd Universities and Experiment 
Stations are working along these linea with gratifying results. Of .the latter, 
we will mention the Agricultural Experiment Station of the State of New 
Work at Ithaca and the New Jersey Agricultural' Colle|:e'Experimerit Station. 
Further statements are made in our detailed exposition in which the different 
bulletins of the institutions for the advance of plant protection are 
mentioned. , ' 

Besides the numerous publications of the United States of North Ameri- 
ca, the magazines of other countries also furnish noteworthy contributions 
to the knowledge of the diseases of cultivated tropical plants. Among them 
belong the “Mededeelingen van het .Proefstation voor Suikerriet in West 
Java,” the reports of the “Proefstation voor Cacao to Salatiga,” Malang, the 
“Boletim da Agricultura,” S. Paulo, “Boletim del Instituto Fisico-Geograph- 
ico de Costa Rica,” “Queensland Agricultural Journal,” “Australian fungi” 
(McAlpine), in the “Proceed. .Linnean Society of New South Wales,” “Ad- 
ministration Reports, Royal Botanical Gardens,” Ceyfon, “Report of the De- 
partment of Land Records and Agriculture,” Madras, and “The Journal of 
the College of Science, Imperial University of Tokio,” Japan. We must 
refer to the “Botaniker-Adressbuch” by J. Ddrfler, 'Vienna, 1902, for the 
numerous other institutions and individaul investigators. 


APPENDIX. 

In the above statements we have mentioned not only the literature on 
the subject but also given expression to the leading ideas of the different 
periods in order to show how the science has gradually developed to its 
present standpoint. To be sure, changes in the points of view on the nature 
and role of parasitic organisms are not without interest, but no less interest- 
ing are the references of the various authors to the influence of the stars, i. e. 
the atmospheric factors, which may be traced as a red line through all the 
reports. On this account we have often restated at length the earlier points 
of view antf find a striking agreement with the oldest periods since emphasis 
is always laid on the dependence upon climatic and soil conditions and in part 
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'S^ Upon cultural h'^its of those phenoiqeua, which weJtjive leaftetJ ^O 
t^ic^ia as 'P3r,4sitic. ■ 

'PSs itfea, which is" also the guiding pruiciple id the;, present book, h^ . 
led aiithor-to Sjidertakethe.hrst experinSents foj collecting the 5 'toi«(fcr . 
of 'Pl^t Jiiseases' These experiments which, as already mentioned, were 
begun with tut help of the Gerfijan Agricultural Society and tontinued bj its 
"Special Commission for Plant Brotection,” Have now -found Tecogpition, 

■ for the “fCais.^ioiogische Anstalt fiir Land- undFlortswirtschaft” beginning . 
\yith 1905 has assumed, the collection of statistics;bf plant diseases. 

Doubt is often expressed as to the important ^f such statistics for our 
subject and reference made to the fact that ourinost dangerous diseases are 
constantly present and the*.statemenk of th^ statisticians concerning the 
intensity of the attack and the amount of Igricultural loss appear to 
be influenced so individually that all certain positive figures can never 
be attaifled. In oppclsition,' it should be emphasized that I did not undertake 
the Collection of . statistics in order to obtain precise figures as to the dis- 
tfibutisn and agricultural effect of the different diseases. (Besides, in this 
connection, the making of reports will gradually, with the. increased educa- 
tion of the body of observers, become as exact as it is in all provinces of 
organic life) . The chief undertaking in the collection of statistics lies in the 
proof of the relations which the different diseases bear to climatic and soil 
conditions felt locally or universally, as well as to cultural factors. The study 
of the extreme forms of disease, easily verified, and the determination as to 
which factors have produced these extreme forms makes up the productive 
field of the statistics. 

In these studies lies the future of pathology. 

However valuable in themselves the observations as to the formal po- 
. sition and the life requirements of the parasitic micro-organisms may be, 
nevertheless, they form only one link in the chain of investigations and be- 
come important only in the determination of their relation in nature and in 
the usual practice of agriculture. And this we can recognize by means of a 
carefully arranged statistical office showing the conditions governing the in- 
crease or decrease of diseases. 

This knowledge leads to the prevention of diseases by means of an ever- 
devefbping plant hygiene and plant pathology must develop further in this 
direction in the future. 



DETAILED EXPOSITION, 


SECTION I. 

DISEASES DUE TO UNFAVORABLE SOIL CONDITIONS. 


CHAPTER I. 

THE LOCATION OF THE SOIL. 

Even if the diseases which are due to an unfavorable location of culti- 
vated land are better understood by mejns of the different factors because of 
which this position becomes injurious to plant growth, we have still con- 
sidered it necessary to describe in the following section the general conditions 
due to different locations. We have done so because it is of special impor- 
tance to the guiding principle of this manual and to any reference to a pre- 
disposition to certain diseases which is developed from this location of the 
soil that it be shown how the material and formal structure 6f any plant 
species changes with the condtions of the habitat, how thereby separate func- 
tions may sometimes be suppressed, sometimes advanced, and how accord- 
ingly the different localities impress their definite characteristics on the plants 
which, on this account, must behave very differently in relation to the differ- 
ent injurious causes. 

I, ELEVATION ABOVE SEA LEVEL, 
a. General Changes in Habitat in Relation to Herbaceous Plants. 

There is no need of discussing further the fact that the temperature al- 
ways falls with an increase in elevation of any cultivated surf^e above sea 
level and that this fall in temperature is a determining factor for limiting 
vegetation, on which account the time of harvest in mountains must always 
be later than on lower levels. It is an universally recognized fact that this 
later harvest brings with it great difficulties in curing thrf- grain and hot in- 
frequently makes necessary special precautions in high motfttains, and that 
despite these precautions there often takes place a blackening of the grain # 
a result of the beginning of fungous growth. An example with exact fi^rt^ 
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is gi^ by AngotS according to whose observations the ha:rvest of winter rye 
in France is delayed on an average about four days, as the elevation increases 
> about too meters. Attention should be called, however, to the circumstance 
that, with increasing height, the air being thinner is less warm & that there- 
fore it must have an appreciable effect on the development of vegetation. 
With Ihis should be reckoned conditions of moisture which, aside from the 
physical constitution of the soil, are different for plants of Alpine regions in 
lower latitudes thJn for those from plains in the Arctic zone. Within 'the 
same degree of latitude mountains, as colder bodies, will cSndense more 
water vapor and thereby bring about more abundant precipitation than takes 
place on plains. On this account more snow will fall and the warmth needed 
to melt this greater mass of snow is withdrawn from vegetation. Even after 
the snow has melted in spring, the plants in the mountains will nevertheless at 


first be less able to benefit from the sun’s warmth than those on the plains 
since the inequalities of the upper surface of the soil 'oecome effective. A 
square meter of very broken ground surface has a much greater upper sur- 
face, divided into many slanting levels, over which the same amount of 
warmth must be distributed, than has perfectly level land, the different par- 
ticles of which are raised to a higher temperature. This is the case in moun- 
tain chains in contrast to level plains. It is evident from these statements 
that with increased elevation above the sea these processes of weathering and 
decomposition must be retarded sinje they are essentially favored by 
warmth. It is also evident that such peculiar combinations of vegetative 
factors will produce characteristic forms, of which the' best known feature 
is short, repressed growth. Such forms of growth are kept constant, first of 
all, in the seeds. Climatic forms which have become hereditary in this way 


have been termed “Oecological varialions”^. 

’ If it was said at first that the temperature of the air at higher levels is 
lower, it must dlso be emphasized, on the other hand, that at higher levels the 
intensity of the .illumination increases and produces accordingly greater soil 
•warmth. On this account climate of the lower and middle latitudes, on ac- 
count of the greater intensity of light and greater warmth of the soil, would 
differ favorably from that of those plains in a Polar zone where the tem- 
peiature’of the aia is the same. The lesser atmospheric pressure rn moun- 
tains must result in an increase of transpiration as stated by Fr>ed*l 
and the increased supply of light in an increase of the assimilatory activUy of 
the leaf. Consequently the typical mountam plant works more energetically 
and in iMs way is explained its shortened vegetative period 

According to the observations of Bonnier*, who made experimental 
gardens > Mt. Blanc and in the Pyrenees, in Alpine climates with a 
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France. Vol. XXXV. w. xw». 
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greater number of herbaceous plants, the shoots became shorter, leading to 
nanism. In specimens from higji mountains, the palisade parenchyma is 
more strongly developed and contains more chlorophyll Accordingly, thes 
assimilatory work has beerf increased. If the leaves of the same species from.? 
specimens grown on plains and in mountain gardens, are cut off at the same 
time and tested, the leaves from the high mountains showed a stroi^r de- 
velopment of oxygen in an equal length of time for equally large surfaced 
It is said that such Alpine characteristics can be artificial^ bred in plants by 
packing thern*in ice at night while leaving them during the day under normal 
growing conditions’. 

In a later report. Bonnier® calls special attention to the increase 
in temperature and assimilation which, taking place in Alpine regions, 
may easily account for the fact that plants from the plains, brought into an 
Alpine climate, develop relatively greater amounts of sugar, starch,^ volatile 
oils, coloring matter, alkaloids and other products of cho’rophyll activity. 

How greatly this specific climatic character immediately influences' the 
mode of development of any plant spedes is shown by the well-known ex- 
periments on structure carried on from 1875 to 1880 by Kemer v. Marilaun’ 
wdth seeds taken from the same parent plant which had been grown 
with precaution against cross-fertilization. Part of the seeds were sown in 
an Alpine experimental garden on the top of Mt. Blaser in the Tyrol (219s 
m. elevation), others in the botanical garden in Vienna. The germination of 
the seed on top of Mt. Blaser took place soon after the melting of the snow 
which had been 1.5 m. deep, between the loth and 25th of June. The 
germination and growth of the seedlings therefore took place when the sun 
was highest and the days longest. The seedlings were exposed at once to a 
temperature which was just as high or perhaps somewhat higher than that 
furnished the experimental plants in the botanical garden at Vienna, when 
the March day was twelve hours long. At the end of August and the be- 
ginning of September blossoms were observed on the plants which had not 
been killed by the several frosts in June, July and even in August, for ex- 
ample, on Satureja hortensis, Lepidium sativum, Agrostemma Githago, Cen- 
taurea Cymus, Turgettia Mif alia etc. 

The plants grown in the Alpine experimental gardens differed from 
those in the botanical gardens at Vienna in that they were strikingly shorter 
and their stems developed a greater number of* parts. It was found further 
that in the Alpine specimens, for fastance, Viola arvensis, blossoms developed 
even from the axis of the third and fourth leaves while at Vienna they came 
only between the seventh and eighth leaves. The number of blossoms was 
fewer and the petals, like the leaves, were smaller, as a rule. A part of .the 

1 Palladin, Onfluence des changementa dea temperature# sur la respiration des 
plantes. Rerue gen. de Botanique, 189d, p. 243. 

3 Bonnie, Gaston, Influence des hautes altitudes stir les fonctions des r^g^taUZ. 
Compt. rend, de I’Acad. sclenc. Paris. VoU CXL 1890. Cil. Bot. Centralbl, -1891. 
No. 12. 

3 Fflansenleben. Vol II, pp. 458 ff. Weln. 1898. 
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annual species from the plains which had had sufficient time and warmth to 
develop seeds were longer lived on the top of Mt. Blaser since in the follow- 
ing par, new sprouts were developed from the lower part of the stems. An 
* earlier blossoming coul#also be observed. 

Corresponding to the fact that the intensity of the sunlight increases 
withflcreased elevation, the color of the blossom, depending upon the anffio- 
cyanin, also became more intense. Blossoms, which were white on the plains, 
had in the Alps petals which were violet underneath. The glumes of grasses, 
green on the plains, or only pale violet, became dark brownish violet in Al- 
pine regions because of a more abundant formation of anthocyanin^. 
The leaves of S^duitt acre, S. album and S. lu^xangujafc ^ecame purplish red. 
On the other hand, leaves of Orobus vctnuSy Valeriana Phu and Viola cucul- 
laia turned yellow from the excess of light in the Alpine experimental gar- 
dens while in the valley in shaded places their foliage remains green. ' 

The mountainous region affects not only temperatures in the annual ' 
seasonal average but especially the moisture content of the atmosphere. 
Warmth and humidity in their total amount and in their distribution during 
the seasons together with the supply of light are determinants of growth. As 
already mentioned, atmospheric moisture influences the amount of light 
available for the plant, for a humid atmosphere absorbs about five times as 
many light rays as does a dry atmosphere. 

Since the absolute content of the air in water vapor decreases with the 
elevation, less light will be absorbed in the mountains, especially since the 
rays of light have a shorter distance to traverse in order to reach the earth as 
compared with regions at sea level. The fact that the absolute vapor con- 
tent of the air decreases with the elevation is a matter of course for, since 
the temperature becomes lower and lower^ the air must condense its water 
vapor and give it off in a liquid form. But the relative moisture increases 
' in the mountains which explains why we call a mountain climate damp and 
rainy. Qoudiness is also relative to the moisture of the air. 

This increase of the relative moisture and the decrease of temperature 
form the reasons for the rapid ending of our cultural efforts so far as these 
concern the obtaining of seeds in mountain regions. We know that the for- 
mation of blossoms and seed requires an increase of warmth proportionate 
to the length of the growth period. For this reason we find, as mentioned at 
the beginning, that grain often does not ripen in the mountains and that 
therefore clover and other legumes furnish an insufficient amount of seed. 
Yet another condition must be added fo those already mentioned, to which 
Pax has called attention', viz., that the insects are only half as num- 


1 The theory that anthocyanin is developed tor the protecOon of th« plant 
against too strong sunlight is held by many invesUgators, Kerner (1. c. Vol. I. 
p. 6M1 assumes that, in the reddening of blossoms which appears with a lack of 
heat, the loss' to the blossoms of the directly conducted heat Is compelled "by the 
heat obtained from the rays of light by means of the anthocyanin.' Webslieye ws 
haife observed that the red coloring matter Indeed does develop abundantly with a 
lack at heat, but can also set in with an abondance of hrat if, in proportion to the 
heat, an excess of light makes itself felt in the tlssnes which contain sugar. 

* I>as Iieben der Alpenflanzen, Zeitschr. d. d.-h8l5, Alpenverelns ISilB, p. 61. 
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culty of insect fertilization is partly equalized by the fact that an asexual 
reproduction also takes place (Polygomm viviparuM, Poa alpha, Saxifraga 
’cernua); further, ten-elevenths of all kinds of small bushes and even Viola 
tricolor, an annual with us, become perennial in the Alps. 

Besides this, reference should be iftade to the fact that, with unlimited 
cultural experiments at high elevations, short-lived mountain varieties are 
formed whichf to be sure, furnish seed in smaller amounts but more satis- 
factory in quality. This offers greater possibilities of yielding a good har- 
vest in the mount^ns and (according to Schiebler)* has the advantage 
of retaining at lower levels its shortened period of growth and there- 
fore can be used advantageously in Northern climates. 

Development of the Aerial Axis of Woody Pla.nts. 


In contradiction to a widespread opinion, it should be mentioned, that 
dzvarf growth in high mountains is not to be ascribed to the pressure of the 
snow since we have tree-like forms in those regions where the most snow 
falls. It is known that the snow c,overtng does not become thicker, the great- 
er the elevation of the mountain, but with us increases up to perhaps an 
elevation of 2500 m., that is, only to the upper boundary of the dwarf coni- 
fers, dwarf alders and the Alpine rose. Higher up the amount of precipi- 
tation decreases. Spruces, larches and the cembra-pine suffer less from 
snow pressure when they stand alone or scattered because their elastic, slop- 
ing older branches let the accumulated snow slip off more easily when the ' 
wind blows. Other trees, like Salix serpyllifolia and Rhamnas pumila, fre- 
quently escape excessive snow pressure by their growth on steep rocky cliffs 
from which the snow slides rapidly. However, trees exposed to the full 
pressure of the snow can scarcely be made to grow closer to the earth be-, 
cause of the burden of the snow or of windy wqather. Rather, we may as- 
sume with Kemer that it is the soil warmth which, in the immediate prox- 
imity of the earth, affords them the best conditions for existence. In the 
higher Alpine regions the soil is much warmer than the air which absorbs 
less sunlight on account of its increasing thinness and its rapidly decreasing 
water content. The above quoted author cites that, for example, on the top 
of Mt. Blanc (4810 m.) the intensity of the sunlight is 26 per cent, greater 
than at the level of Paris. On the Pic du Midi (2877 m.) a temperature of 
33.8°C. was observed in the soil on which the sun shone while the air showed 
a temperature of only lo.i'C. This warmth of the soil together with the 
intensity of the light explains the speedier development and blooming of 
Alpine plants. 

• Vochting', in opposition to Kemer, thinks, on the ground^ of his 
observations with Mimulus Tilingii, the young branches of which at a defi- 

1 Schlebler, Die Pflanzenwelt Norwegens. Allg. Tell. Cbrlstlanla 1*78. 

s yachting, H, Ueber den Elnfinfs nMiiger Temperatur auf die Spratarlchtung. 

, Her. DeutSch, Bot. Ges. XV^ISSS. p. 37. 



nite age incline downward in spring when the temperature is lower amd 
■ straighten up later with increased warmth, that the creeping habit of growth 
ol Alpine plants may be ascribed in put or entirely to the Muence of >the 
low temperature. We^can not agree with this theory. 


Rosenthal^ made investigations' concerning the» mode of growth 
of trees in Alpine regions. He found that in all the species of wood studied 
the annual ring is narrower in high countains than in the lowlands. The ec- 
centricity of the branches is usually very great but the directiqp of the great- 
est increase of growth varies. The vascular system, on account of the in- 
creased evaporation, is more extensively developed. ' In dicotyledons, a 
higher percentage of the vascular tissue is obtained by* a narrower annual 
ring ; in conifers there is a considerable decrease of the late wood ring. 

The landslides which continually take place in mountains because of 
storm conditions displace the trees and thereby change their woody develop- 
ment. Hartig^ pointed out the formation of broad annual rings and 
so-called “red wobd” (wood with short tracheids and strong lignification) 
on the underside of the trunks and branches of the spruce as soon as they 
bend toward the horizontal, while slender annual rings and “strain wood” 
(long tracheids with weak lignification) are formed on the upper side. Ac- 
cording to Giovanozzi’ this difference in the formation of the Wood ring 
of conifers is made use of in hygfometric measurements by the inhabi- 
tants of the Piedmontese Alps since the small celled, thin-walled red wood 
possesses hygroscopic characteristics very different from those of the strain 
wood. The red wood side of a peeled branch becomes concave in dry air, 
convex in moist air. 


According to the investigations of Cieslar* the lignin content of 
spruce wood seem»to be less near the upper boundaries of the tree zone than 

. in lower positions. , 

It will be concluded from Cieslar’s’ observations, that the suppressed 
growth in Alpine forms is hereditary for the immediately following 
generation, according to which spruces from seeds of trees grown m moun- 
tainous regions grow more slowly when cultivated on t e p ains ° 
plants raised from seeds of trees from the plains similarly grown. Engler has 
Lde the same observation in seeding experiments at the 
tal station in Zurich. From germination expenments ^ 

sprtlbe, pine and other forest trees, M. Kiemtz* concludes that the mmimum, 
optimum and maximum germinating temperatures of spruce seed indigenous 
to lower r^ions are higher than for seeds grown in higher positions. 


1 Ho«iithaJ, M. Ueber die AuBblldung der Jahresringe au^der dea Baum- 

wuohaei In den Alpen. Dissert. Berlin. SorlnKer 1901.* 

. «s"u^Crer®«» de^i rwml del.e Cenifere. Matpighla 

Ueber’ den Nadelbbtzer. Mitt e. d. Foretl. 

Verauehinremn Oesterrelcha 1897. Part XXii . 

. * ClentralbL f. d. gesamte Forstw^n 189^ aus WltnatlK* 

Igniter Vergleichende Kelmversucne ^ 
verid^S^legehen Orten Mltteleuropoe, Bet Bot Zelt. 1579. p. 
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In plantations in high altitudes, however, it must further be taken into 
consideration that the elevation acts differently according as it presents iso- 
lated peaks or high plateaux. Since’the earth’s illumination and radiation 
have considerable influence on the temperature of th j layers of air covering 
it, vegetation at equal heights is exposed to very diverse temperature fluctu- 
ations. On the high plateau the decrease of warmth with elevation is less, 
when the sun shines, than on the mountain peak which stands alone. If, 
however, the jun disappears and radiation becomes determinative, then the 
lower air -layers above the high plateau also cool off more. Thus the daily 
fluctuations in temperature are much greater here and the seasonal ones as 
well. On high plateaux the temperature can fall, even to frost, while the 
isolated peaks remain protected. The same relation is shown between valley 
and heights; we have recently observed a number of examples from Italy, 
Passerini makes’ the following observations from the neighborhood of Flor- 
ence and cites, as an especially good instance, the night of April 19-20, 1903, 
when the temperature, which on the 15th still fcowed '-)-l8.3°C. sank to 
— -i.l'C. and rose again, nine hours later, to -|-I2.2“C. While the vegetables, 
and grains were not injured, the leaves and blossoms were seriously frozen. 
Only so m. higher the injuries were no longer noticeable. 

In mountainous regions clouds and mist act as a protection from frosts. 
Thamas” observed in Thiiringen that the young beech foliage did not 
suffer from frost at heights covered by mists while in the valleys and gorges 
the leaves were injured. The artificial prevention of frost by the production 
of smoke has been founded on the peculiarity of mists which prevents the 
sharp fall in teihperature. 

Adjustment of the Root Body of Woody Pl.\nts. 

In mountains the adaptation of the wood body to the rocky soil and the 
compensatory structures which appear on this account are especially interest- 
ing. In the following figure l, we see the root of an oak which has made 
its way through a fissure in a rock and by its continued grow^th in thickness 
within the split has developed into a flattened, board-like form. After leav- 
ing the rock, the root resumed its cylindrical form. This example shows 
first that, despite the pressure which the strong root had withstood for so 
many years, the ability to conduct water and plastic material has not been 
interrupted in the board-like part. In the second place, we notice above the 
board-like flattening the appearance dt adventitious roots. Both processes 
correspond to the phenomena caused by artificial constriction. ^ 

So far as we have been able to investigate roots which had been flatten- 
ed in the clefts of rocks, we could observe that the board-like flat places in 
the root body were produced because the wood rin^s formed every year were 
very strongly developed on the sides where they could develop freely, 

1 Passerini, Sui dannl prodotti alle piante del grhiacclato etc. Bull. Soc. Bot. 
ital. 1903. p. 308. y 

s Thomas, Fr., Scbarfe Horizontalgrenze der Frostwirkung an Buchen. Thtir. 
Monatsbiattftr. April 1904, * 
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therefore, in the direction of the split surface, but, on the other hand, they 
w’ere reduced to a minimum on the side where the roots were pressed against 
the rock and were finally jrrecognizable. On the free side of the wood the 
vascular bundles developed very abundantly, in some annual rings, in fact, 
the wood was very broad and provided with a thick bark; on the side of the 
root pressed against the rock, the wood lacked all vascular formation, was 
short-celled and formed from wood fibres inclined diagonally instead of 



Fig. 1. t'lg. 2. 

Roots of Quercus Pedunculata grown between rocks. (After Obbner-Nobbe.) 


running vertically. Finally, differentiation info annual rings could not be’ 
observed and only a very slender cork layer is seen lying on the occasionally 
formed short-celled parenchyma, without any recognizable differentiation 
into medullary ra^s. , 

Nevertheless, the cambial activity was not lost in the board-like part of 
the root as was evident when, the pressure ceased; for the flattened part grew 
nornaally in its cylindrical form. Anatomical changes in the roots pressed 
betwten the rocks approximate so strikmgly thefitesults obtained by artificial 
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constriction of the aerial axis, that we can refer in this connection to our’ 
subseqjjent studies in the chapter on “Wounds.” 

Figure 2 shows a different root, also from Qiter^us pedunculata, which 
probably has only been pressed between stones. In meeting with this ob- 
struction to its growth in length it was bent and, when growing further, be- 
came flattened. With increasing age the pressed root surface again reach^. 
the open and with the removal of the pressure came an increased formation 
of the woocirf'ing in great luxuriance like callustrolls. The .squeezing which 
the roots had undergone, might have acted like girdling aiid have produced 
in^this a kind of girdling roll above the place of pressure. (See Girdling in 
the chapter on “Wound#”). 

We can get an idea as to the anatomical conditions in the first stages of 
such fla{tening of the root from the investigations of Lopriore'. He 
observed adventitious roots in the germinating plants of Vicia Foba which 
were forced to grow under the lateral pressure of cotyledons which had not 
separated from each other. Within the sphere of pressure these tender roots 
appeared flattened like ribbons but after leaving the region of pressure, they 
again became normally cylindrical just as was noticd in the oak roots. In 
the very young roots of the horse bean (Vicia Faba) Lopriore found that the 
epidermal cells on the sides not pressed upon by the cotyledons had developed' 
into root hairs. On the compressd sides, however, not only the epidermal 
cells were tangentially flattened but also the two or four outer layers of the 
bark were considerably pressed so that they formed a kind of peripheral 
girdle around jhe root on these sides, whereby the radial walls of these com- 
pressed cells seem folded zigzag as in a bellows. The cells subjected to the 
pressure of the cotyledons were also proved changed materially since their 
membranes either developed into cork or “to'gether with their lumina were 
impregnated with a kind of protective gum.” 

We have already called attention to the fact that in figure i several 
adventitious roots had been formed above the board-like flattening. As may 
be seen, the root had made a curve here before entering into the split in the 
rock and under the influence of this twisting, a new formation of adventitious 
roots had been started on the free convex side. We perceive in this a result 
of the stimulus of twisting which NolF has discussed in detail in his 
work. It is easy to observe that roots which have become twistid because of 
a pressure, hindering their growth in length, develop new side roots on 
•the convex side at the point of twisting. In water cultures in glass vessels 
this phenomenon may be observed when strong roots reach the bottom of the 
vessel and grow against it. 

In mountains emergency precautions are met 'with in the flatly grovying, 
younger tree roots if the tip of a rootlet has been lost through injury or from 

„ , * Lopriore, G., Verbanderung Infolge des KOOfens. Ber. Deutacb. - Bot Gesi 
Vol, XXII, Part B, p. 80». s iti. ' , 

s Noll, Verglelchende Kqllurversuehe. Bltzungj^h. (L Niederrhelii. iOea. f. Na- 
tiirkunde. Ciy Bot. Jahrea^. 1900. H. p. >04. 
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drying out on the rock. In fimirp , 

gu 3 , we see such a compensatory root which 

developed above the dead, tip of the 
main root AA. The compensatory organ is 
much stronger and fleshier than the side roots 
which had been formed earlier. 

The formation of adventitious roots as a 
result of the stimulus of twisting or of injury 
to the root is constantly utilized technically in 
the cultivation of trees. In tr'anplanting seed- 
lings of forest or fruit trees the main root is 
either twisted spirally in the hole where it is to 
be planted or it is shortened about a third. A 
stronger cutting back is not advisable because 
adventitious roots always develop more weakly 
the older the parts of the axis which are 
twisted or cut back. 



Fig. 3. Branch of a spruce 
root on which a fleshy com- 
pensatory root has been form- 
ed above the dead tip. (After 
Nobbe.) . 


b. Special Cases op Disease. 

Retrogression in the Ciiltivation of the Larch. 

As a striking example of the disadvantages developed by the cultivation 
of plants from mountain climates when grown on the plains, we might con- 
tider^ the often noticed retrogression in larch plantations. Kirt^ner’ 
mentions, when describing the life history of this forest tree, that it is a true 
high mountain tree of the European Alpine and Carpathian systems. The 
natural area of its distribution extends from Dauphine through Switzerland, 
past Vorarlberg, the Bavarian and Salzburger Alps to the Moravian-Silician 
depression, and to the Carpathians, up to the hilly country of Southern Po- 
land. The upper limit for the larch is about 2400 m., the lower one in the 
Alps 423 m,, in the Sicilian mountains about 357 m. While it thrives in 
Scotland,' Sweden and Norway, it docs not grow very well in Middle and 
Northern Germany or in France, When growing together the spruce usually 
forces^ out the larch except in the highest altitudes. When the spruce grows 
on dry soil it is shorter than the larch. Of all the indigenous conifers the 
larch needs the most light. It exceeds all conifers and most deciduous trees 
m its tgjBspiration. Because it^is not sensitive to cold, as shown by its 
natural habitat, it is much more dependent upon the warmth oj the summer 
to make its best growth. It lives in regions where the summer is .constantly 
and flnjifonnly warm, where there is abundant circulation of air and a win- 
ter s rest of at least four months with a short spring and a rapid transition 
from sprite to summer. Because its leaves come out extremely early, it 
makes the most of the very short period of growth. * 

These statements are based on the observations of numerous specialists 
and ipay on this account be acknowledged to be thoroughly reliable. We ob- 

TielietagMchlchte Her'' Blfltenpflanzen Mitteleuropaa. Vol. I. Part 2. p. 167. 
Stuttgart, .Ulmer 1904i 
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tain an insight into its material composition from the \^orte of Weber*. 
He studied sections of the trunk and the needles of the larch pickled ,in 
October in the Bavarian Alps; in the Spessart, from the plains of the valley 
of the Main etc. In spite of the soil differences, the results agreed entirely 
in regard to the influence of elevation. Weber summarizes these as follows : 

The organic substance of the needles increases with noteworthy regu- 
larity with the absolute elevation of the habitat while the content in pure ash 
decreases. The amount of ash becomes absolutely greater if the larch grows 
on the plains or in moderately high mountains so that therefore to produce 
an equal amount of burnable substance, more and more minerals are taken 
up by the plant, as its cultivation descends into the plains. The most im- 
portant elements of the ash, potassium and phosphoric acids, show a regular 
increase in specimens from the plains in contrast to Alpine Larches. In re- 
gard to the calcium content, the larch of the plains indeed excels, yet the, 
constitution of the soil seems to be very determinative here ; magnesia and 
sulphuric acid show an insignificant increase, while ferric oxid and silicic 
acid show a considerable increase. 

It may be perceived from Weber’s investigations how very greatly the 
life habits of this high mountain tree and its mineral composition change 
with its descent to the plains and the question now becomes pertinent as to 
whether the anatomical structure is not also changed by the entirely .differ- 
ent conditions of life on the plains. Primdrily the plains offer strong con* 
trasts from the most intense heat of summer to the great cdld of winter. To 
this must be added a lengthened spring with the summer-like days which 
sometimes begin in February', always in March, and the subsequent relapses 
to cold weather. However, the autumns of the plains may be of decisive sig- 
nificance when a relatively warm, damp period not infrequently lasts into 
December and does not permit the cessation of vegetation. One needs think 
here only of our oaks and apple trees which often enough retain their 
foliage on the tips of the branches throughout the whole winter. In apple 
trees, especially in trellis and trained forms, many varieties did not develop 
any terminal bud in autumn but the last leaf simply remains in the winter 
in an unformed stage of development. 

In the larch these long, wet and relatively warm autumns stimulate 
growth so that after the normal summer epd of the annua! ring, a few layers 
of spring wood are formed, as I have often observed. Therefore in such 
cages on the plains the beginning of an absolute dormant period (which 
Kirchner emphasizes as necessary for the normal development of the larch) 
does not take place and the immediate results will frequently be the loss of 
the normal or usual resistance to frost. The frost wounds make possible the 
entrance for all wound parasites which, in the often dense growth of larches 
on the plains and the moist motionless air, find the most favorable environ- 

1 Weber, R,, BJntlufs des Standortca auf die Zusammensetzung 4er..Asche von 
Larchen. Allgem. Poret-u. Jagdzeitung 1873. p. 358 und In Bledermanns Centralbl. 
I. Agriculturchemle, 1875, p. 336. 



ments for their grojiith and distribution. For this reason the fungus of the 
so-called larch canker, the Dasyscyplu, (Pesi^) Willkommu. is so abundant 
in old larch plantations and the trunks of the young copse wood are covered 
with lichens. 

The complaint that the trees in northwest and middle Germany and in 
France, on an average, show no satisfactory growth is explained by these 
conditions of growth on the plains diametrically opposed to the nature of the 
tree. This is also the reason for the reaction which has taken place in the 
usual enthusiasm of foresters for the cultivation of the larch. * 

The comprehension of our mistakes in growing the hreh .and the in- 
tenability of the widespread assumption that' it can be grown in any place 
has recently been gathering force in forestry circles. A little paper publish- 
ed by the First Commissioner of Woods and Forests in Hamelo' is 
of the greatest significance. He observed that the larch canker occurs only 
where the tree is grown under hindering conditions or is crowded by its 
neighbors. The point which he makes strongly is “that the sun is the nurse 
of the larch. Complete agreement wdth this discovery has come from an 
extensive inquiry on the part of the English Dendrological Society contained 
in Soramerville's reports". From this report canker seems to be in- 
creasing in Englafld on the larch and attacks trees from seven to fifteen 
years old most easily. Dampness in dense growths favors the disease which 
occurs less often on altitudes than in hollows. Many practical foresters 
maintain that the disease 'is inherited through the seed ; .and, while Sommer- 
ville does not share this point of view, he cannot disprove the assumption of 
an hereditary predisposition. Also the assertion that nurseries spread the 
disease may not be repudiated entirely. 

We completely understand such statements also heard frequently in 
Germany, Such predisposition to sickness lies in the changed mode of 
growth which is a result .of the removal of the tree from mountains to 
plains, thus destroying its natural immunity. It is reasonable that nurseries 
with their rapid forcing of the seedlings in manhred soils, excusable because 
of agricultural reasons, increase this weakening of the larch. We find simi- 
lar conditions also for other conifers; for example, we have examined pine 
seedlings from nurseries and forestry seed-beds which had begun to suffer 
.from leaf cast, and we have always been able to prove that the beginning of 
resinosis was present even in the first annual ring. 

Weber’ observed in beech foliage conditions similar to the larch 
in regard to the difference in the ash content. From investigations from 
eleven different habitats it was found that the percentage of ash in beech 

^ Dis L8,rche, Ihr leichter und sicherer Anbau in Mittel-und NorddeutBchland 
durch die erfolgrelche Bekampfung des Lilrchenkrebses, Leipzig 18S9, 

' * Report by Dr. Sommerville on the inquiry conducted by the Society into the 

disease of the larch Transact, of the English Arboricultural Society. Vol. Ill, 
Part IV. 1893-94. 

* Weber, Einflufs des Standorts auf den Aschengehalt des Buchenlaubes. AUg. 
Forst-u, Jagdll^ltung, 1875, p. 221, cit. in Beidermann’s Centralbl. f. Agrikultur- 
cheade, 1875, It, p. 325. The percentage of aah content and especially of caloium 
and silicic acid becomes greater the more slowly the plants grow. 
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foliage from*altitudes over looo m. above sea level was noticeajbly less than 
in that from lower levels. The bitter showed, however, in its ash, a smaller 
amount of potassium, phosphoric acid and surphuric acid, while the leaves 
collected in altitudes were proved to he as rich in these substances %s the 
young foliage. The distribution of calcium and silicic acid was the opposite. 
The size and weight of the average leaves decrease with the elevation. In 
regard to morphological changes, H. Hoffman' states that the young sprouts 
of Salve herbacea and S. reticulata transplanted from high mountains to low 
levels grow el'ect instead of lying flat on the sftl. When moved from low- 
lands to high mountains, Solidago Virga aurea becomes an aenemic dwarf. 
Plantaga alpina is a meagre mountain form of PI. maritima not coqiitig true 
to seed and with short ears. The length of the ears increased in the second 
generation on the lowland from 15 to i8 mm. ; the leaves became broader and 
even serated; there were fewer blossoms at this altitude but' not smaller. 
Hieraciun alpinum developed on the lowland isolated specimens with tall, 
much branched stems. Aster alpinus in isolated examples developed broad- 
er leaves. Gnaphalium Leoniopodium, the Edelweiss, loses on the plains its 
little inflorescences and pubescence. 

The facts ascertained when the larch was brought from the mountains 
to the plains seem to be a very sharp warning to consideffmore carefully the 
natural requirements of the trees and not to believe, because possibly sup- 
ported by soil analysis, that e 9 ch tree must thrive where nutritive substances 
are abundantly present for it. The great physical conditions, such as venti- 
lation, illumination and dampness, are determinative factors which, taken 
under due consideration, preserve the natural immunity' of the tree and 
make' superfluous a petty local combatting of the parasites. 

Lack op .Success with Tkopical Pla.htations. 

Like every nation at the beginning of its colonizing period, we must 
recognize that great loses oepur in newly organized tropical plantations. An 
essential factor for. the protection from 'agricultural injury is to be found, 
we believe, in the insignificant consideration of the native conditions of 
growth from which the tropical useful plants originate. In regard to the 
transplanting of plants from the plains into an altitude, the increase in the 
relative dampness is of especial importance, next to the decrease in temper- 
ature. These conditions, for example, quickly place a limit for the culti- 
vation of g^ain. According to Fesca’s reports ( 1 . c. p. 42) grain species do 
not flourish at all in the lower regions of the tropics and the ripening of the 
grain becomes uncertain in the'higher regions. In Java and Ceylon, culti- 
vation of our species of grains and Leguminoseae with a view to raising 
seeds becomes doubtful, even at elevations of scarcely 2000 m. 

On the other hand a smaller difference between the temperatures of win- 
ter and summer is of great yaiue, especially to tropical plants^ Many p)ants 

' ^ Hackblick auf znetne Varlationsversuche, Bot. Z. t8$i, p. 431, 
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for which the plains are too warm, thrive better in the more uniform cli- 
mate of the higher altitudes. Thus Fesca* mentions that cocoa thrives 
best at an elevation of about 500 m., Arabian Coffee from 600 to 1200 m., 
and Are, and tea from looo to 2000 m. For sugar cane, however, places 
are necessary in which occur periods of high temperature. Accordingly 
the cultivation of sugar cane on the sub-tropical plains often reaches even 
to- the 35 parallel of latitude, in Mediterranean regions to the 36 parallel of 
latitude where the heat temperature for two to three summer months rises 
above 25°C. The cultivation of sugar cane for factories, however, even in 
narrow tropical zones is seldom successful higher than 300 m. Indeed It is 
planted higher up but then only used for the purposes of propagation be- 
cause of the rapid decrease in the sugar content. At such heights, however, 
the cane escapes the "sereh disease" so much feared at present and on this 
‘account it has been proposed that the plantations for the sugar be regene- 
rated by making propagating fields with the proper cultural varieties at high 
elevations and using as stock the material from these for cultivation on the 

plains. , j • ■ 

In other tropical plants the uniformity of the climate is not the decisive 
factor but the high summer temperatures necessary for the maturing of the 
fruit. Thus in the narrower tropical zone cocoa palms are found at an alti- 
tude of 1000 m. but fruit is rarely produced at an elevation of gw m. In 
the same way Fesca cites the grape fruit which endures cooler winter tem- 
peratures but requires a high summer temperature to mature its fruit. On 
this account its fruit will ripen in Japan between 31 and 32 degrees latitude 
with an annual mean temperature of l6.5°C. while in Bandoeng on Java at an 
elevation of 714 m. and an annual temperature of 22.fC. no fruit ripens. 
In Japan during the months of July and August the temperature is hjh 
enough to ripen the fruit when the monthly mean temperature e.sceeds 26 C. 
and even in September is more than 24“C. Such temperatures, however. 


are not found in Bandoeng. 

Tea is cultivated advantageously in mountain environments The tea 
plant loves abundant moisture, hence is naturally a sub-trop.cal plant. Tak- 
ing advantage of the climate of high elevations, it can be grown successf 
in the tropics. Thus it is found on Java and Ceylon and m nd.a 
vation of 2000 m.; the highest plantations m the Himalayas often he at 
about 2200 m. Tea from the higher localities is in fact more highly prized 
To be sure, greater quantities of leaves are harvested on tropical plains but 

cultivation of coffee on plains without 

other shade. Coffee! a tropical plant from high “ 

formity of climate. The failure of the crops on the plains '"-y ^n be 
traced^to the great fluctuations in temperature 

uoticeAte there the less the care taken for shading. In the sub tropical zone 

i Si WienbaAi In den Tropen und Subtropen von Pref. Dr. Fesca. 

Berlin, 1904., p. 41. 



the summer temperature rises so high and the winter temperatiiw falls so 
low that growth, which normally should be continued iSuhterruptedly, ceases 
for the time being. 

Cocoa, however, to a more marked degree, requires a uniform high 
amount of moisture in the air and soil together with shade and protection 
from the wind; — it can scarcely ever become too warm for. cocoa. Where 
it is cultiVfited, i. e. the narrower tropical zone up to an altitude of 300 m., 
it developes numerous forms but in all ecological varieties, the same re- 
quirements are felt as to the climate. P'esca (1. c. p. 240) recommends the 
consideration of its need of shade especially when the plantations are ybung. 
Zehntner' describes a disease affecting these plantations. It Sppears 
in the form of brown specks on the bark of two or three year-old sap- 
plings. After transplantation, the little trunks are more exposed to the, 
wind and the sun and the bark cracks open in different places. 

2 . SLOPE OF THE SURFACE OF THE SOIL. 

The slope of the surface becomes a factor which must be considered 
when the local changes due to the influence of the geographical position are 
studied. Inclinations of from 1° to 10° and at the most 15° are the.most im- 
portant, for greater inclinations are less suitable for fields. NolP has 
reported an advantageous result of the inclination of the soil. His ex- 
periments showed that, on rolling land artificially made, an increase of the 
cultural surface is obtained which in growing lettuce increases the yield 
about 31 per cent. But even a slight inclination has disadvantages since 
rainstorms gradually carry off the friable earth leaving the sul 5 -soil behind. 

The point of the compass toward which the cultural land slopes is also 
very important. Southerly or southeastern slopes are most subject to dis- 
aster because of the great weather changes. The higher temperature pre- 
vailing here forces the growth rapidly in spring; in summer the danger of 
drying is greater, for the soil is exposed not only to the south wdnds but also 
to the dry east anS southeast winds and anyway to the cool, damp west 
winds, but is protected from the north wind. Since, however, dry winds 
prevail during the spring, i. e. the important vegetative period, the 
southern declivities dry out very especially and consequently in mountains 
the southern side is replanted with great difficulty, hence is usually bare. 

The advantages of the southern exposure are most marked in short 
cool summers. Because of this declivity short lived plants will often ma- 
ture their fruit only in such positions ; hence these ^slopes are best used 
for the cultivation of such plants as are growm on account of their fruits 
and needing the increased action of warmth and light. A colder exposure, 
however, would be used to better advantage for such plants as are utilized 
for fqliage and wood. 

> Froefstatlon voor Cacao t« Salatiga. Bull. 4. 

2 Noll. .Verglelchendji- Kulturversuche. Ctt. Bbt. Jallresb. 1500. 11, p. 804.* 



Wjfiiii cultivating monocarpic plants, such as vegetables, the injury due 
to an otherwise -jtfitable exposure, viz., injury from spring frosts, is felt 
only when the small plants are put out early in spring. There is still greater 
injury to sensitive polycarpic plants to which our nut trees belong. Here, 
with ajavorable, warm exposure, there is a failure of the harvest, while in 
the same year nuts are produced abundantly with raw exposures. In the 
first case the young shoots and blossom buds, forced out earlier by the great* 
er warmth, are blasted by the night frosts which have not hatmed the less 
•developed specimens found in high raw exposures. 

A In garden plantations, when taking advantage of such positions, one 
attempts to avoid the disadvantages of the spring frosts by holding the 
plants back artificially. This is done by leaving them covered longer, either 
by heaping snow on them or by increasing the mats and litter. With fruit 
trees snow, ice and mulching are heaped about the base in order to keep the 
soil cool as long as possible and thus retard the root activity. 

The cold northern exposure is best for meadows and forests.* Eastern 
slope;s are unsuitable if the .soil is sandy because they dry out more quickly. 
They are therefore more valuable if the soil is heavy. The reverse is true 
of . the damp westerly side. Holzner', comparing a slope at 50° north 
latitude, inclined about 10° southerly, with another with a 10° northerly in- 
clination, also took into account the difference in warmth which can be 
called forth by an inclination of lo”, when all other condtions are assumed 
to be equal The sum total of the sun’s rays falling upon this soil bears the 
proportion on the south and the north slopes of approximately three to two. 

Wollny's^ experiments on the warming of field lands deserve 
especial mention. In this work Kemer’s’ observations are cited, show- 
ing how differently the several sides of a hill warm up. These obser- 
vations follow closely upon the preceding ones. The mean found by 
three years of observation showed that the exposure's may be arranged as 
follows, decreasing according to their warmth. The warmest exposure was 
S. W. then followed S., S.E., W., E., N.E., N.W. and N. This scale shows 
that in reality the different exposures do not act as one would first suppose 
theoretically. It would seem first of all that with the sun equally high above 
the meridian the heating would be equally strong and that, therefore, ths 
southeast side would receive the same amount of warmth as the southwest 
side. Kemer explains that this is not actually the case by stating that in the 
afternoon the sun at the same height acts more powerfully because the satu- 
ration of the air with water moisture is lower then than in the morning hours 
on which account the absorption of the sun’s rays is less in the afternoon. 
Lomez* gives still another reason. On the southwest side, the dew 


> Holzner, Die Beobachtungen flber die ^Mtte der Kiefer Oder Fohre und die 
XVlhterfitrbung inmiergrilner GewSchse. Freising 1877. 

7 WoUny, Unterzuebungen iiber den Einllufs der Exposition auf die Brwarmung, 
des Bodens. Forschungen auf rjem Gebicte der AgrlkuUurpbyslli. Vol I. P. 

* KwTier, Ueber Wanderungen des Maximums der Bodentemperatur. Zeitschr. 
d. OateiT. dee. t Meteorologie. Vol VI, No. 5, Pp- *5 ff. 

§ * Loren? und Rothe, Lehrbuch der Klimatologie. pvien 1874, p. 206. 



and moisture from the rain have dried up more than on the south ^ind south- 
east ; it has previously been warmed to some extent and the same amount of 
warmth falling on a drier soil correspondingly warms it up more. 

The monthly mean temperature, however, and in any case the maxi- 
mum warmth in the different seasons, is more important for plants fhan is 
•the. hnnual average. In this connection Kemer’s thermometer observations 
show that dnly in winter (from November to April) is the maximum soil tem- 
perature foukd on the southwest side and that^onversely, from May until 
August, the soiiheasi side shows the greatest warmth; in September andt 
October' the south side is the warmest. This shifting of the maximum i^y 
undoubtedly be explained by the dry east and southeast winds of midsum- 
mer which, a similar physical composition of the soil being assumed,, dry 
the soil more quickly and thereby make it more capable of being warmed up. 

While Kerner’s investigations were made on a natural hill, consisting of 
alluvial sand and provided with pretty steep, grass slopes near Innsbruck, 
Wollny experiihented with an artificial hill made of sifted calcareous sandy 
Jiumus whose surface formed an angle of 15°. Here, therefore, the, con- 
ditions were adapted to a land which could be used agriculturally. 

Wollny’s observations confirm first of all those of Kemer, that the mjx- 
imutn of warmth shifts from southeast in summer to southwest in winter. 
Further, in general, the southern slopes (S'. IV., S., S.E.J are exposed to great- 
er fluctuations in temperature /ha'n the northerly slopes which respond to the 
smallest fluctuations. In another series of experiments ascertaining the 
temperature of the slopes of beds set at different angles to the compass, com- 
pared during the warmer season with the temperature on a level field sur- 
face depressed 15 cm., gave the following results. The south side is the 
warmest, then follows, as the medium, the level worked surface ; then in the 
third place the east and west sides, while the northern exposure of the bed 
seems to be the coldest. If now the bed is placed east and west, one long 
surface lying to the south, the other to the north, these two surfaces show 
tfie greatest difference in temperature when vegetation can still be found. 
Therefore, if the field is to be laid out in plots, it is better to have them run 
north and south. Cultivation on level surfaces with a lower temperature 
'than on the slope inclined to the south but exceeding that of other exposures 
is the most advantageous on account of the even, and, on an'average, higher 
warming of the soil. 

Later experiments*, however, show the advantages of a position 
inclined to the south, but these are only evident when the moisture is suffici- 
ent and constant In dry weather or irregular precipitation the harvest is- 
smaller. Indeed, in e.xtremely dry weather, the greatest yield is from the 
northerly side, which otherwise gives the smallest. In fact the yield becomes 
less as the angle of inclination increases. Then follow the west and east ex- 
■ posures. The smallest yield was usually on the south side. 

1 Wollny, B., Untersuchumgen liber die pbyslkal. Bigenschatten dee Bddena naf 
das rifoduktlonsvermBgen der Nutagew&chee. Forsch Geb. d. Agriklutarptayslk XX, 
Part 3, 1899, p. 291. 
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^ NEturally other conditions also enter into the qnestion ; thus, for ex- 
amptej color also becomes a considerable quantity when the soil is sufficiently 
damp and has a favorable mechanical form. The darker the earth the more 
plant growth is favored. Mixed soils give better results than clear peat, 
sand or loamy soils. 

a. Too Steep Slopes. 

Soil surfaces of more than 15° to 20° inclination in a small area must be 
used so far as possible for meadow and grazing land if gardening and vine- 
yards do not warrant expensive terracing. I f the inclination 0? any surface 
apprtBcimates 45 it is urgently advisable to retain all existing vegetatioii and 
to attempt forestration or to complete it with suitable planting. 

This utilization of surfaces, at such an incUnation, is not only the best 
method but also the best protection of the. lower adjacent cultivated land. 
Such steep slopes, only found in mountains, rarely have a deep loam even 
when covered with forests. Under such conditions only the thjckly qiatted 
root systems of .the trees can keep off the destructive gullying and washings 
after heavy rains and from storms after continued drought if the soil con- 
tains much sand. The moss cushions of forests retain moisture necessary 
for tl|e further disintegration of the rocks and increase the tendency to 
form springs ; which benefit is felt only on the plains. It is easy to 
observe, that the pith has becotne eccentric when the trees are growing on 
steep declivities. Mer', studying firs and spruces of the Vosges, ob- 
served that, in trees growing on steep cliffs, the annual rings are more strong- 
ly developed on the side toward the upper inctne than on that toward the 
declivity. This occurs especially at the base of the trunk. On cliffs lying 
toward the north and east, the firs and spruces were not only taller and 
stronger but the annual rings of the individual trees varied more markedly 
in the same points of the compass. If the trees have to grow twisted, the 
annual rings show a stronger development on the convex side at the points 
of twif^ng. 

Unfortunately our cultivated lands show the sad results of the deforesta- 
tion of steep slopes. The forest was here the product of consecutive pro- 
cesses many hundred years old, whicli probably began with the colonization 
of lichen encrustations on the naked rock. Through the retention of the 
products of weatHlring, these and gradually larger plants began to form a 
surface soil and with their decomposed bodies furnished the first humus 
substances, making the soil better and better adapted for the growth of 
higher plants. Once robbed of this covering of vegetation, the bursts of, rain 
sweep the surface soil downward, exposing the stony sub-soil on the heights 
and filling up the tilled land on the plains. With greater deforestation of 
the mountain, the water supply of the mountain streams becomes the more 
irregular and, with more frequent spring floods in the lowlands, covers them 
with ^d; also in dry summers the streams are without water. 

.T Mer, Dea causes cut prcduisent I’eiceutricite de la moelle dans les Saplpa 
ColiHt Rena. Yol. CVI, 1888, p. 31J. 
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Aside from the direct injury of the stones carried down with the mass^ 
es of earth, the chief destruction lies essentially in the. covering of the parts 
of the plants which hitherto had been exposed to the free air. Many plants, 
however, die if they are peijnanently planted too deep and only those can 
withstand being covered with soil which possess the ability of readily strik- 
ing adventitious roots. Among herbacous plants the grasses growing on 
dunes should be emphasized especially as having this quality (Arundo 
drenaria L., Elymus arenarius L., etc.) ; our quack grass ( Agropyrum repens 
P. B.) also Easily works its. way out through a heavy ^overing. Among 
trees, the willows and fioplars withstand such a covering without great dis- 
advantage, and especially the (Seekreuzdom) (Hippophae rkamnoides L.), 
which grows on gravel and sand, is found on the coasts of Germany, France 
and England, and serves, with its flat lying roots, as a means of retaining 
the dunes. In opposition to this, the bases of the trunks of many trees, as 
for example, fruit trees, are very sensitive to deep, heavy soil covering. 
Also in tratfsplanting trees, or in grading, a change in level covers the base 
of the trunk, whictehas been exposed to the air, leads to a weakening and 
shows phenomena of disease which will be treated of more in detail. In 
potted plants the Ericas are most sensitive to the smothering of tojj deep 
planting. It must be assumed that the cause of death is a lack of oxygen 
for the roots which have been set too deep and covered by large amounts of 
earth. 

Landslides, besides covering the lower lands, expose the roots ; 
which fact deserves attention. So long as the forest remains intact, 
interwoven roots form a network with such small meshes that the soil is 
held firm. ‘If, however, holes are,tom in this by the hand of man or by 
storms, so that the plants are uprooted, then the soil begins to push down 
from the higher places and in fact the more quickly, as the soil is more 
broken and the wind finds the more access to the torn places. Aside from 
processes of this kind which take place unceasingly in high mountains and 
before which we usually stand powerless, changes in the forests, even on 
the plains, take place constantly as a result of the exposure of the roots from 
the working away of the soil. This is especially the case in forests in hilly 
places when streets are cut through. The forest soil is usually porous or 
becomes so by drying and as soon as the street cuts tljrough a hill over- 
grown with large trees, the free roots are found at the edge of the cut, from 
between which the soil has fallen oilt or been worked away. The injury is 
two-fold since the exposed side of the root crown weakens the anchorage of 
the tr(((es and the decreased supply of W'ater impairs the formation of the 
tree top. 

The statement that the injury caused by such cutting of the forest for 
shortening the road is compensated for by the increased growth of trees is 
an error. To be sure this may, under certain circumstances,. effect a con- 
siderable increment of growth, as, for example, Hartig's’ investigations 

y 1 Hartig, Ueber den LlcbtetandBzuwache der Kiefer. Allg. Foret- u. Jagdzel- 
tdng. LXIV, 188 , 8 , Januar. 
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show. He found in pines 147 years old which had been standing free for 
seventeen years, that the growth had been doubled in the first ten years,- 
especially in the lower part of the trunk, where the amount of wood, that is 
the dry weight, had also increased. But he^ialso demonstrated that the in- 
crease fell to the earlier amount, when the food in the soil was taken 
up by spruces which were set out there. In trees whose roots are exposed 
on one side, there is a less water content of the soil which also retards th^ . 
absorption of foods and the influence of light is scarcely able to cause aft 
increase of groycth. But even if a considerable increase of growth is ob- 
tained by the sudden thrusting of the trees into the light, no agricultural ad- 
vantage is constantly connected with it. In the first place, the branching is 
increased and, in the second, the wood due to the rapidly increased growth 
is coarse grained. This is deduced from the observations of Cieslar and 
Jankai who investigated the spruce wood produced by long-standing 
cultivation. Produced in great quantity the wood was of strikingly low 
specific gravity because the autumn wood made a scanty gtowth and the 
tracheids, in the main part of the annual ring, were unusually wide. On 
the other hand, the danger of drying of the lop, or blight of the tip, often 
becomes greater. This applies also to deciduous trees grown in dense plan- 
tations. The crowns are suddenly freed, their leaves, in structure and func- 
tion, are adapted to a moderate amount of illumination, can not endure 
the increased transpiration and the excess of tight so that the tips of the 
branches partially die back. Therefore it is urgently advised in the interest 
of retaining old tracts of woods, specially in sandy soil, to avoid cutting 
through the hills to lay out roads, preferably to lay the road out around the 
hill. According to ■ Hartig” the shock of the sudden opening may also, 
lead to injury if, w'ith the increased supply of light, the top is stimulated 
to too active growth. This continues some years, while the available quanti- 
ty of nutriment in the soil lasts. Because the leaf material is increased as a 
result of the intensity of the light, much larger amounts of mineral stuffs 
naturally are required than with growth in dense tracts. However, when 
parts of forests are exposed, soluble mineral food material can not l)e pro- 
vided in sufficient quantity by the influence of the atmosphere, consequently 
after a good growing period there is a decrease in growth due to the im- 
poverishment of the soil/^ Following a scarcity of material, however, no 
matter whether due to an actual lack of the substance or to its insufficient 
absorption on the part of the tree, as a result of injuries to the roots or a 
lack of water, there is not only a decrease of growth but also the constitution 
of the wood is weakened. As when growth is forced, only the tWn-walled 
spring wood, the vascular tissue, is formed and but little or no strengthening 
tissue, which is present in late wood. 


1 Cieslar, A. und Janka, G., Studien uber die Qualitat rasch erwachsenen Flch- 
tenbobes. Ceptratbl f. a, J^rSeSse^d dec Nahrstoft.ufuhr aua 

dem^'JK dl^&^un^d";^ dtzSaetc. Forstl. naturw. Zeltsohrift 
VII, 1898, p. 78. 
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b. Gsowth of Stilts. 


(Elevation of the Roots of Trees.) 

In this connecti(Ih it is adKsable to consider still more closely the fact 
that large forest trees grow with their older root branches above the ground, 
so that thft base of the stem is carried on a number of stilts. This position 
gives scantier anchorage to the trees and results disadvantageously since 
they are more easily blown down in wind storms. In addition to this there 
is a smaller provision of water and the roots are peculiarly sensitive. 

These stilted growths form two types; first, in spruces, where the base 
of the trunk is raised high above the soil and the strong branches of the 
root crown have never been below the top of the earth ; second, in pines, not 
rare on strongly undulating sandy soil, in which the base of the trunk has 
previously been covered with soil or may even frequently rest on its surface 
so that part of the crown is covered with earth, while the other .part 
has been uncovered by the washing away of the soil. In extreme cases 
tWcoil slides out from under the trunk so that the whole tree stands on 
stiltsP 

Examples of the first type are described and illustrated by L. Klein* 
(Figure 4). He explains the production of the phenomenon as follow#: — 
If spruces or firs have been felled in the mountains a stump is left 
standing which weathers gradually on its upper surface and becomes 
covered with moss, i.ater Vaccinia etc. infest this moss cushion beneath 
which is productM a thin humus layer. If self-sown spruces or firs begin to 
grow on the moss-covered surface of the stump, the little young growing 
■roots creep under the moss-covering in all directions over the sunface of the 
stump and then down its sides to the soil, and develop further there, like every 
other root. In the course of many decades the roots become stronger, the old 
stump slowly rots^way. Klein answers the question, as to why one usually 
finds spruces much more rartly than firs and never any deciduous trees with 
this stilt-like growth, when he states that the water needed by deciduous 
trees i* possibly ten times as great as that of conifers and that on -this ac- 
count the seedling of a deciduous tree would not find enough water perma- 
nently on the surface of the stump for its development. Even it deciduous 
trees do not grow on stilts, yet similar struflures such as the sheath growth, 
may nevertheless be found. This occurs especially in willows. Where old 
willows grow along countr)' roads, one finds at times the appearance of a 
new trunk growing independently out of the decayed heart of the hollow 
old trunk, so that the woody cylinder of the old trunk surrounds the young 
tree like a wide sheath. Such cases are easily explained in the pollarded 
willows when the crown is entirely cut off every or every secoiid year, in 

order to obtain as many young shoots as possible. With the rapid rotting' of 
willow-wood on large pollarded, surfaces, soil accumulates very quickly from 

1 Klelii, L., Die betanleehen NatordenkmIUer dee Grofsherzogtums Baden u. Hire 
:^dialtuA^ Festjvde. Karlerulia 1M4, p. 1>, ITf. 7. 
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•jiie dust blown from the street into the depressions of the wounded ^surface, 
■ in., which seeds of all kinds of weeds find instant lodgment. Now if a wil- 
low-seed falls into one of these accumulations of soil, the young seedling 
finds space for development and its roots finally reach the soil through the 
rotted wood of the old trunk. When an adventitious root of especial length 
grows downward from the pollarded surface at the crown of the tree, with- 
in the hollow trunk, it has the appearance of a young tnink. 



Fig. 4. stilted spruce near Schi^^nzacli in Stubewasen. (After L. Klein.) 

A c*se, due probably to the same conditions, which cause the stilt-like 
growth of spruces,' was shown as recently as the 8 o’s of the last century in 
Kohlhasenbruck near Neubabelsberg (District of Potsdam). The stump 
of an old oak, about 75 cm. high on the villdge street, had formed a broad 
hollow cylinder by the rotting of all of th^eart wood, This was half filled 
with rotten wood and earth and a healthy oak, possibly thirty years old, 

stood in thiaas in a sheath. , 

; ;In spfim’e plailtations one finds at times the so-called Harp-trees m . 
WWch a number of side branches have become elevated at right angles to tfip 
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main tijink which the wind has blown down, part of whose roots, however, 
still remain ip the soil, and therefor^ are still living. Adventitiotis roots 
serve the needs of these growths for nutrition. The spruce is certainly the 
one of all the conifers which can most easily overcome all injuries by develop- 
ing adventitinus organs. 

It aljo withstands pruning very well hnd can therefore be used ad- 
vantageously for hedges, only the hedges mu?t be thinned constantly, or 
they become bare underneath. The ability to form new tips wh^n the old 
ones have been removed, a characteristic of spruce and Araucaria, is,faken. 
advantage ofein horticulture, in propagating by cuttings. 

On the other hand, the regeneration phenomena of the older pine are 
most stable and fixed. The second type of stilt-growth occurs especially 
with this tree, if, in a hilly place, the porous sandy soil slides downwards 
from the effects of grading. In the struggle for existence, however, the 
pine when grown from seed can withstand much better exposure of its roots 
than spruces and firs ; this is because the roots habitually grow perpendicu- 
larly into the ground. In the two illustrations w'hich reproduce two examples* 
of Pinus sUvestris from the Grunewald (back of Paulsborn) near Berlin, this 
perpendicular downward growth is shown especially well in the side roots. . 

Figure 5 shows two pines standing back of one another with the bases,,; 
of their trunks about i meter above the ground. The strong main roots sMidt 
their side branches (arising directly on the underside) into the ground'nl 
parallel and perpendicular directions, indicating that the pine noots deeply. 
The front tree is possibly 6o years old ; the specimen behind it is younger. 
Figure 6 is taken from another side and shows the side roots starting at 
right angles from the maia'branches which spread horizontally from the 
root crowns. However, in the middle of the stilt appearance, may be dis- 
tinctly recognized the original main root which as a pro[) has grown directly 
into the earth and which endures the chief strain of anflioring the tree in 
the sandy soil. The tree is still well covered with needles. 

One more important phenomenon must be mentioned in connection with 
this form of stilt-growth, viz., many woody tubers with a dense covering of 
bark grow in rows on the upper sides of the strong roots. These in figure 7, 
reproduced natural size, form hemispherical, wart-like prominences up 
to 1.5 cm. high, with a crater-like depressed centre. They correspond with 
the rest of the root in color and bark. 

It is supposed that this atiSes from an adventitious sprout formation 
in which the young shoots have died immediately and a Heavy scar has been 
formed. The fact that these growths come only on the upper side lends 
strength to this supposition. It is well known- that when there is this ten- 
dency toward adventitious growths in trees, the forfnation of such buds of 
all sizes occurs most strongly on the side toward the light (Tilia, Acer). 
ThisVipposition has not been generally confirmed, as the cross-section (Fig. 
8) shows. Jhts illustrates a seven years’ overgrowth of a centre of disease 
formed by% homogeneous mass of resin. This resin gall, produced by resin- 
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osis of the wood, ruptured on the outside and was overgrown in the follow' 
ing years'.. The edges of the over- 
growth, still connected in the first few 
years, have groftrn back farther and ' 
farther; — in this way, a crater-like 
opening was produced at the top of the 
woody tuber. The new annual rings 
turn to resin every year and always in 
the first spring wood, which consists in 
p^rt of parenchymatically .formed 
cells. The resin holes (H) are pro- 
duced by the drying up of the resini- 
fied tissues, in part also by exudation 
o| the resin. The edges of the over- 
giowth are further apart each time so 
that the last ones (U) are widely sep- 
arated. In this, they show a most ir- 
regular construction often changing 
between every two medullary rays in 
the same annual ring. In the drawing 
G is the normal wood in cross-sec- 
tion and M the regular course of 
the tracheids in longitudinal section. 

These are in the same annual ring just 
as in true gnarls. 

For this reason these structures 
must be classed with the resin galls. 

So far as their production is concerned, it must be assumed that the exposed 


Fig. 7. Resin galls with gnarl 
growth on the upper side of^the stilt- 
like root of the pine (natural size), 
(Orig.) 


root shows small centres of 
injury from extremes of 
weather on its upper side, 
i. e. thh one most exposed 
to such extremes. These 
(*hntres of ' injury have 
caused a resinclsis' of the 
tissues, or ratjier, a com- 
plete resinoussj^efaction. 
W e may assume that frost 
has caused the injuries, and 
especially late frosts, since 
fhese appearances are al- 
ways found in the - first 
formed spring wood. The 
Fig. 8. Cross-flection Otrough a rosin gall on the ■ P'''^“'tion of these tesin 

sfUt-like root of the pine. .fOrig) ^ galls ^OWSt that the roots 




97 


exposed in the stilt-like growth are very sensitive. If this is true, less extreme 
cases will have to be taken into consideration and a further warning be 
given ; when possible the root body must be guarded from complete exposure. 
When roots are partially e.Kposed their bark is liable to he broken on the 
upper side by pedestrians, with the result that much stronger annual rings 
develop on f^he under side which is protected from such injuries by the earth. 

■ The cultivation bf seedlings of the different species of our common coni- 
fers tfhderUhe same conditions gives the best demonstratiop of these roof 
systems. Nobbe' carried his experiments out with the following re- 
sults : — Six months after sowing, the pines had 3135 root fibres with a total 
length of 12 meters, the spruces 253 fibres, all together 2 meters in length and 
(the fir, 134 fibres with a total length of i meter. In one year, in fertilized 
sandy soil, the tap-roots of the pine seedling penetrated almost one meter 
deep, while the spruce and fir, under absolutely the same experimental, con- 
ditions, went down only one third as far. At the same time the young pine 
developed five series of roots, the spruce four and the fir three. In decid- 
uous trees, oaks and beeches, Tharandt’s experiments showed that in the 
same way they form even in the first year a widely branched root system with 
tap roots nearly a meter long. 

Spruce and fir with their weaker root apparatus, which almost im- 
mediately spreads out flat, need a moist soil, while the pine can do without 
moisture, in, fact, easily su.Ters from it. In seedling plantations, where fi» 
and spruce thrive, the pine very often shows' pathological resin ducts in, the 
wood. of its young trunk. The deep growth of the pine also explains its so-' 
called "contentment" and its healthy growth in almost sterile sand. Like 
the lupin it understands how to meet its need for water and food from the 
deep layers of the soil but it demands good drainage. 

This natural advantage of a tap root penetrating at once t6 great depths 
is made use of only where seeds are planted in forests without necessity for 
transplantation. In the controversy in forestry circles as to the best methods 
of planting, in considering the pine, we would always place ourselves on the 
side 6f those fa^^ring sowing in the permanent place. For the spruce and 
fir, >v®’Consider transplanting from the seed bed to be more advantageous. 
In any' event the method of seeding is not the only factor in a healthy devel- 
opment, but soil and position are often decisive. We can not consider ad-, 
visable die present endeavor to plant pines |^erywhere, because they give the 
Cfuick^t'^nd therefore the best return from the soil. In our own forests 
comparisons of the trees in deep lying or marshy places with those on free, 
dry regions show that in the marshy localities there is an impoverished growth 
. and often a premature dropping of the needles, and tliat in hilly sandy^oil, 
*with deep lying ground" water, the trees develop to their full strength, even 
being well-presetted when their roots are exposed on stilts. Rechinger* 

1 DObner’s Botanlk fiir Forstmanner. IV EdiOon, revised by Fr. Nobbe, BerUn. 
Faut Parey. 1882 , p. 130 . , ,... , 

« Rechlnger, Bot Beobacht. in Scliur. eit Bet Jahresber. 1902, I, p. 337. 
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mentions the occiirrente ,of stilt-roots in marshy forests, in which 
Alnus glutinosa predominates while isolated Quercus pedunadata, ^homHus 
Frongula and Salix cinerea occur. 

' • A third cause of the stilt-like growth still remains -to be mentioned 
which Is different in that the trees are positively elevated, while, in the cases 
already mentioned, the base of the trunk remains at the place where the seed 
was sown. White^ describes occurrences of this kind. He thinks that on 
rocky soil, where the roots must grow flat, the trees are gradually* forced, 
out of the ground by periods of frost and draught to which they are peculiarly 
susceptible. , 

c. Too Deep Planting. 

Too Deep Planting of Trees. 

Almost all our trees, in their later life, stand in a position different from 
that of the seed beds in which they develop. For fruit trees must have a sec- 
ond transplanting when young in order to obtain an abundant ramification of 
the root body. Since these trees must be so transplanted great care should be 
taken that they 4re not planted deeper than they originally stood. Exper- 
ience teaches that trees can indeed be destroyed through a disregard of this 
< warning. In fact many practical workers recommend that each tree in its 
new position be oriented exactly as before in regard to the points of the 
compass, since they think that many kinds of bark injuries from heat and 
frost can thus be avoided. ’• 

Otto^ has attempted’ to decide the question whether the branches of 
apple, pear and cherry trees develop differently in the several points of the 
compass. By chemical analysis, he found essential differences in the com- 
position of the differently oriented one year old branches. The water and 
nitrogen content is the smallest on the east side, while, the content in dry sub- 
stances is the greatest there ; but the water and nitrogen content is greatest on 
the north side. This would indicate that the branches were not so fully ma- 
tured here as on the other side of the tree. * 

Kovessi® considers the cause of a decreased fS'mation of blos- 
soms to-be the greater amount of water and the lesser ripening of the wood 
of the branches. The number of blossoms and fruit wms certainly proved 
to be dependent on the water supply of the previous year. The tree bears 
better, if the water supply is,^cant. Anatomically, thel'tf fferences in the 
maturity of the branches, according to the points of the compass, can scarce- 
ly be determined since the structure of the same annual,ring fluctuates too 
greatly within the different intemodes of a branch*. 

• 

1 White, Theodore, Mechanical elevaUon of the roots of tues. The Asa Gray 
Bull. Cit Bot. Jahresb. 1897, I, p. 86. 

2 Otto, Arbeiten der Chemlschen Versuchi^tatioii zu Proiikau. Cit. Bot Cen- 
tralblatt 1900, Vol, 82, Nos. 10-11. 

# Kbvessi, F., Ueber die Bezlehung des Wassers zur l^fe der Holzpflanzen. 

Bledermann's Centralbl. 1902, p. 1 « 1 . » ^ 

* Sorauer, Beitrag zur Kenntdts der Zweige unserer Obstbatime. Forsch. a. d. 
Gebiete d. Agrikulturphyslk, Vol. ni, Part 2. 
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Also, we know nothing definite, at least nothing which holds good in 
general, of* the anatomical change taking place when trees are planted too 
deep. In some cases it has been observed that the ducts are filled with 
brown, gum-like stiff masses, in otKers they are filled with tyloses, accom-' 
panied by a brown discoloration of the walls. Gummy swellings of the mem- 
branes are not infrequent. But these are all only occasional observatiops. 
and experimental study of the question is still needed. 

^e will limit ourselves on this account to the enumeration of the dis- 
coveries already made as to the influence of the two factors occurring most 
generally when trees have been planted too deeply — the lack of oxygen and 
the excess of carbon dioxid. We know that plants without a supply of oxy- 
gen gradually die. If the living cell can take up no oxygen, it changes the 
(firection oi its life-functions. Later it passes over into a state of rigidity, 
since the phenomena of movement cease in the cytoplasm, the sensitiveness 
to stimuli is lost and growth becomes inhibited. The plant, however, 
does not die immediately. It continues to give off carbon dioxid for 
some time and, with a renewal of the oxygen supply, it can even re-assume 
its usual functions after a rather long apparent death. In this continuation 
of life without oxygen (anaerobic) the oxygen necessary for the life pro- 
cesses must be furnished from the substance' of the plant itself and has been 
called intra-molecular respiration. 

Lechartier and Bellamy', in a series of experiments, have proved 
that alcohol is fornted in the parenchyma cells growing without a 
supply of oxygen, not only in our pitted and other fruits, but also in the roots 
and leaves,. ■ Stocklasa has also proved most recently that there is a forma- 
tion of lactic acid. Even in fungi (Agarkus campesiris), Muntz* found 
alcohol and hydrogen in considerable quantities if the fungi were kept 
for some time in air Jree from oxygen. The material for this alcohol can 
have been furnished by the kind of sugar alone present liere, named man- 
nose, while in other fungi, producing only alcohol, (without hydrogen) in , 
an atmosphere of carbon dioxid, the trehalose must have 'been fermented. 
If the fungus is n|t kept too long in the oxygen-free air, it can take up again 
its normal life-functions, as has recently been proved by Krasnosselsl^’ 
for Mucor spinos^ani Aspergillus niger. Adolf Mayer' had earUefc 
expressed his opinion that fermentation produced by yeast, is a re- 
sult of respiration in the absence of oxygen. Pasteur' and Bohm* 
had really prove5 already that all more highly organized land and water 
plants behave in a very similar way, since, in media free from oxygen, they 


. 1 De la fermentation dee pommes et des poires. Compt rend. t. LXXIX, p. 949. 
De la fermentation des fruits ib. p- 1006. 

S SS?OTselsky, ^Stiung *und Giirung der Schimmelpilze etc. Centralbi. f. 

®“a;ir!rumeJivtn™^ Gkrung. I^andwirtach. Ver- 

suchBStotlonem mi. ou^ servlr a la connaissance de la tWorle dea fermentations 

propiement dltes. Cmpt rend. 1872, p. 784. * h a ^ AiraH a 

« B6hm, Ueber die Respiration von Landpflanzon. Slteungaber. d. k. Akad. d. 

' WIssensch. 67. ^3ection I. 
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reduce a part of their substance by fermentation to carbrai dioxid and alco- 
hol,.as do the yeajts in self-fdRnentation. The green pjrts of plants at any 
rate, with sufficiently intensive illumination, can establish an_ atmosphere 
suited to their normal respiration by decomposing the carbon dioxid which 
had been given off immediately before. Aerobieand anaerobic respiration are^ 
interdependent and anaerobic is able to withstand total destruction for some 
time, even if growth is impossible This retardation becomes greater as the 
temperature is loweit Thus, for example, Pfeffer' cites the observations of^ 
Chudiakow, fhat the failure of the carbon dioxid production, i. e. the pos- 
sibility of living, begins after twelve hours in seedlings of maize at a temper-* 
ature of 40°C., after 24 hours at 18X. and only atter some days at a lower 
temperature. If an organism or one of its members always has a lower 
vitality, it also will keep alive longer in a place free from oxygen. Thus, 
under such conditions, apples and pears at a moderate temperature h^e 
been kept growing and ripening for months while rapidly growing moulds 
and aerobic bacteria went to pieces quickly. In seedlings of phanerogamic 
plants fyicio Faba, Ricinus etc.j there is an increase in the intra-molecular 
exchange. 

Stich’s’’ experiments show that single plants at times, or parts of 
plants, at first exert no influence on the oxygen content in the air by their 
respiration since, in a hydrogen atmosphere, they form exactly as much car- 
bon dioxid as in air. With 8 per cent, of oxygen in the air, the respiratory 
quotient was still normal, — with a lesser •content (2 to 4 per cent.) it was 
changed in favor of carbon dioxid because an intra-molecular respiration 
tdok place. When the plants were kept for a longer time in an atmosphere * 
poor in oxygen, the normal respiratory quotient was gradually produced to- 
gether with a decrease of the absolute amount of oxygen and carbon 
dioxid. In a gradual withdrawal of the psygen, the intra-molecular 
respiration is first stimulated by-.a considerabl^Jower percentage of oxygen 
than when the oxygen dimim^tion is sudden. * , " 

Brefeld’s* experiments 'lead to the conclusion that alcoholic fer- 
men^tion in all plants, from the lowest to the highest, takes place as soon 
dfe the oxygen supply ceases. A very essential differenpejfs shown, however, 
in ffie different organisms which produce alcohol. While generally in yeast 
(j^accharontycetes) fhe pSenomenon of fermentation is to be considered the 
ckmax of the normal activity of the organisms (^ich actually grow during 
thq process of sugar decomposition), it appeart^ the cells of phanerogams 
As' an. abnormal process ending prematurely deaffi of the cell. This 

differs essentially from the pure fermentation 9 (^ast producing only alcohol 
and carbon dioxid, by the appearance of further products of decomposition 
jimong which fusel oil and aci(iartr?especially noticeable. There is a great 

1 Pfeffer, •Pflanzenphysiologic, 18$7. Vol. I, p. 544, 

2 Stich, G, pie Atmuri^'der Pflanzen bei verminderter ^ueratoffspannung und 
bei Verletzungeii. Flora 1891, p. 1, 

3 lumber G&rung m, Vorkommen uhd Verbreitung der AlkobolgSirung Im F^n- 

zenreiche. Bot Zelt. 1876, p, 381. - * 
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difference in the ability of fungi to endure alcohol, as is shown among those 
w^ch still introduce an actual alcohol fermentation. For Sacchayomycetes, 12 ' 
per cent.' of the weight is the limit of growth ; 14 pei* cent, the limit of fermen- 
tation. .In Mucor racenwsus, which lives on sugar without free oxygen; the 
limit of growth and of fermentation lies between 4^4 and 5J4 per cent, alco- 
hol; Mucor stalonifer, on the other hand, no longer grows and can not be- 
gin fermentation with 1.5 per cent, alcohol. It should be concluded .from 
these results that under the same external conditio!^ even phaneroganas 
succeed in forming alcohol of verj' different percentages and endure it in 
different amounts. 

Later Muntz' speaks' very generally of alcohol as one of the decomposi- 
tion products of organic substances formed on the surface of the earth as 
well as in the soil and in the depths of the ocean and distributed in the at- 
rqpsphere according, to the laws of the tension of gases. 

It can not be surprising that organic acids, among others acetic acid, 
occur in the fermentation of alcohol. It is very probable that the accumu- 
lation of such acids must ultimately act as a poison upon the organisms and 
thai in roots, which are entirely or almost entirely cut off from atmospheric 
oxygen, there will begin a gradual dying back. 

When trees have been planted too deep and the roots need an abundance 
of air,*pei'haps more than the top part of the plant, the lack of oxygen will 
be felt more quickly the greater the power of the soil to hold water and the 
more the parts are cut off by. water^. Water near the living roots 
becomes more and more a source of danger for the larger, health'y roots 
and for the sunken bases of the trees, since the water becomes' more and miA'e 
charged with carbon dioxid. I f healthy plants are set in water containing 
much carbon dioxid they begin to wilt and the leaves begin to die back’. 
Kosaroff’s* studies on the absorption of water in insufficiently drained 
soils, i. e! those poor in oxygen a,. I rich, in »arbon dioxid, are especial- 
ly interesting. Tlje water absorption and transpiration were proved to 
be repressed by the carf)on dioxid. Plants who.se roots remained in an at- 
mosphere rich in carbon dioxid lost their turgidity immediately and be- 
came limp; when kept there longer they disintegrated. In experiments' jn an 
hydrogen atmosphere where, therefore, only the lack of oxygen beefemes de- 
pressing, it was shown that this circumstance does not -act in any way as in- 
juriously as an excess of carbon dioxid. 

Therefore, in the rcflil^rfif trees lying too deep, death by poison begins 
by attacking first the tend^h^gans, later the older ramifications of the foots. 
At the same time tke putriL>'oducts of decomposition make the whole soil 
unfit for the growth of^nts.. Bohm’ cites an example in the dying 

1 Frsm Compt rend. Vol. I.XXXXII. in Biedermann's CcntralbL 1881, 


p. 709. 

a Mayer, Agrlkulturcherale, 5th Editipn, 1901, VoL I, p. 116^ 

» fVolt W., Tageblatl der Naturforscher-Versammlung «u Leips^, 1872, p. iOSt, 
■ ' * Koaarbff, Elnfluss verschledener ausserer Faktoren auf die«Wasseraurnahme 
der*Pflanzen. Diaae^Lelpzig, 1897, cit Naturw, Rundschau, 1897. No. 4J. 

Bdhm X, IJeber die Ursache des Absterbens der Gdtterbftume uni^iiber die 
MeUUiDde der Neubepflanzung der Ringstrasse in Wei n. Faesy & Frick. 
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Ailanthus trees of the Ringstrasse in Vienna which had been planted too 
deep. These trees. years before had fallen off in growth, for in the first ywr 
after they were planted, their annual rings were more than 3 cm. broad, in 
the last year the growth was 0.5 cm. At the time of death the earth about 
the roots was found to be so injurious that seeds of different plants sown in 
the soil in the open and under bell jars began to decompose at once. Seeds 
developed luxuriantly, however, after this soil, repeatedly washed with 
water, had been exposed in thin layers to the atmosphere for eight warm 
days in July. Similar experiments were undertaken by Mangin* who, 
before this time, had ascribed the diseased appearance of the street trees in 
Paris to the bad composition of the soil. Seeds and tubers sown in soil re- 
moved from around diseased roots showed an interrupted development. 

The air tests made near the diseased roots of Ailanthus showed a de- 
ficiency of oxygen and a preponderance of carbon dioxid and Mangin“ 
suspects that the lack of oxygen may be traced back to a reduction by 
sulfids. Certainly numerous micro-organisms co-operate in the decom- 
posing process of the roots. However, suclj an attack by the suitable 
bacteria would not have taken place if the oxygen in the soil had not begun 
to be deficient. 


When trees with spongy Ijark have been planted too deep,, as m the 
above mentioned Ailanthus trees in Vienna, the bark uniter the soil is found 
entirely rotted away. According to the age and the bait structure of the 
tree, as well as the physical constitution of tjie soil, a disturbance of the ab- 
solutely necessary circulation of the air will appear sooner or later in the 
buried base of the trunk. This disturbance will be felt also in both the ven- 
tilatory systems of the trunk, viz., in the vascular system of the wood body 
and the bark system communicating Vith it by means of small hollow spaces. 
The green bark parenchyma protected by the more or less strongly developed 
cork is bathed by the atmospheric air; it penetrates through the lenticels 
into the intercellular spaces where it circulates. The air penetrates the ducts 
of the wood, partly through the water from the roots, but largely by diffu- 
sion from the sides and is also in circulation, as mentioned above. In fact, 
as may be assumed from the investigations, of 0 - HdhneP, a daily 
periodicity probably takes place in this circulation. The ducts originally 
filled with water are partly or entirely emptied in the cour.se of the day, 
since the superior and surrounding' tissues draw away the water. The trans- 
piring leaf body of the tree needs a very large amount of water and draws 
it from the wood tissues of the brinches which make good iheir losses from 
the trunk, in which therefore a suction wave Advances down toward the 
base and thence out into the roots. 


' Mangin, L., Sur la v^gStation dans une Atmosphere vicllte par la respiration. 
C. rend. 1896, p. 747. ^ 

,• ^ Sur t’aeration du sol dans les promenades et plantations de Paris, 

rend. 1895, 11, p. 1065. 

.r. Pflun-. Prlngsh. Jiflirb. 



Since more water is drawn away from the ducts than can be replaced 
instantly, a space partially filled with air appears in these ducts causing a 
negative pressure (suction) which is so much the greater the less the amount 
of air present at the beginning or slowly diffused through the memijranes, for 
so much the more must the originally small volume of air be distended to fill 
out the hollow space which is always becoming greater. Ip the night, when 
the evaporation is arrested or very much repressed, the ducts of the trunk 
again suck up great amounts qf water, in fact, this syction is often increased 
by the pressure proceeding from the roots which can press so much water into 
the ducts that a great part passes through the membranes into the surround- 
ing cells and intra-cellular spaces. If this liquid drawn up from the root body 
or pressed up by it is healthy, a considerable infiltration into the intercellular 
spates will take place without disadvantage to the body, as has been 
shown by Moll*. If, however, the water mass is already laden with the 
products of fermentation from the putrefying root tips, we see that these 
poisonous substances get into the especially sensitive sapwood and bark and 
thus the dying back easily spreads. 

Trees planted too deep, however, usually die only in heavy soil per- 
manently loaded with water. In light soils they suffer but do not die. If the 
heavy soil with its water burden surrourtds the base of tlie trunk- and pre- 
vents intercellular ventilation by means of the lenticels, alcoholic fermenta- 
tion and the formation of acetic acid must naturally appear in the bark cells 
and lead to a dying back w'hich is continued radially to the cambial zone and 
the young sapwood which is %specially active in conducting water. 

' Thus there remains from year to year a cylinder of heartwood in the 
middle of the trunk which is always becoming smaller and smaller and which 
usually has to meet the water need of the aerial part. The heartwood which 
is poor in water, however, is less suited for conducting it and the dead tis- 
sues of the wood, which at any rate can still conduct water mechanically, 
will not be able with their help to meet the need of water in the crown. Con- 
sequently, the tree ultimately wilts or fails to put out buds in spring. 

The fact that the non-parasitic processes of decompiosition in the buried 
end of the trunk cease near the upper surface of the soil leads to the theory 
that processes of decomposition are not able to attack healthy plant cells but 
only those weakened and functionally abnormal. Such weakening is actually 
Jjresent. It was mentioned at the beginning that cells full of life and rich in* 
content, when shut, away from tlie oxygen of the air, begin at once to de- 
velop alcohol through the activity of fermentation (alcoholases) which was 
tyot'present pSviously and which disappears again if the plant reg^ns its 
atmospheric air. It has been proved further that the plant, in the absence of 
oxygen, continues for some time to eliminate carbon dioxid in considerable 
quantities <respires intra-molecularly) but that these amounts of carbon 


1 Ttnlerauchuneen fiber TropfenausscheWung und Intektion, 1880, p. 7^ Sep. 
aus Vefslag en MededeOling d. KoninkUgke Akad. Amsterdama, clt in Pfeffer, 
PflanBenphyslologte, 1881, 1, p. ISO- 
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dioxid are still smaller wltfen the experiments are continued longer than 
those of plants respiring in 4iir which contains oxygen*. Since the 
carbohydrates (starch, sugar) furnish the material for respiration, it, 
should be assumed from the above facts that these ipaterial contents of the 
cell are made use of abnormally in the absence of oxygen. With Ij^efffer*. 
respiration can be conceived of as a process set up by twp dotie- 
tailing processes. The first is the intra-molecular respiration ascertained in 
the phenomena of fermentation which Borodin* named internal oxidation. 
The second prdcess, possible only with a supply of oxygen from with- 
out, is the immediate further oxidation -of the products of fermentation 
in the moment of their production. I f this last act, absolutely necessary for 
the life of the cell, is suppressed, not only the zone of the trunk of the tree, 
planted too deep and lacking oxygen, loses its respiratory material, tha? is, 
always becomes poorer in reserve substance, but it also forms those products 
which lead to decomposition and the death of the cell. Insufficient respir- 
ation therefore is a necessary preliminary condition for the dying back and, 
to the degree in which the buried part approaches the surface of tlje soil, 
gradually getting more and more oxygen, the fermentation will beeome 
weaker and weaker and pass over into the normal process of oxidation so 
that decomposition gradually reacfles its limit. It is thus only a, question 
whether the tree has the possibility of forming new roots In the soil above 
these limits in order to meet the loss of water produced by tfte-lranspiration 
of the foliage. The stunted production frequently observable in early years 
disappears as the more plastic material can pass downward and be used for 
the new structures in the wood ring of the trunk and th| roots. .The nllore 
rapid the growth, the greater the energy of respiration (as shown by Saus- 
sure) and the more the flat n^w root body is reached by light, so much the 
more will the production of carbo-hydrates and its absorption of oxygen 
and production of carbon dioxid increase*. * ' 

The behavior of the trees planted too deep or oidy partially buried de- 
pends naturally upun their specific character. In willows ^d poplars, for 
example, the part sunk in the earth may indeed be found to be dead, but 
near the top of the soil, the decomposition appears to have been stopped. 
Njjmerous adventitious roots have been formed from the trunk which, some 
time after the tree has been buried, starts a healthy development of the crown. 
The tree is therefore saved if it is able to produce new roots quickly near 


1 Wortmann (Ueber die Beziehungen der intramolekularen zur normaleo At- 

mung der Pflanzen, Inauguraldissertation. Wurzburg 1878) to sure, 

that amounts of carbon dioxid are equally large in Intra-moleMlar and'bonna^ 
reapKlion: It seems to me, however, that the short duration of his experlmmts 
also caused the observation of the aftgr effects of a previous normal functioning. 
He, himself, admits (p. 31) that in a longer period with no addition of oxygec a 
smaller anfount of carbon dioxid was produced by the plants under experimentation 
than had been the case in the constant presence of oxygen. 

2 pfeffer, Ueber das Wesen und die Bedeutung der Atmung.; Landwlrtsch.' 

Jahrb. 1878. , ^ ' 

» Borodln^ur la respiration deg pUmtes pendant ieur germination. 

‘ Boro^iqTMdmoll’es de I’Acad. imp«(J^le dee sciences de Sfc Petersbourg.iVII 





the earth’s surface. It is well-known that EricaJeae and Epacrideae are 
especially sensitive to too dee^ planting. In these species the base of the 
trifnk dies even when the .root has not suffered very mucl}. When the sap- 
ling shows moss and lichen growths at the base, there is every ^feason for 
being^carfful. 

In nurseries no one general rule holds good in regard to the depth of 
^^lanting. Aside from the important physical composition of the soil much 
depends in grafted trees upon the stock. Fruit varieties grafted on wild 
stock should be so planted that the root neck remains in the plane of the 
surface of the soil or even projects a little above it. In fact in marshy soil, 
with a great deal of moisture, planting is made in hills. Pears -grated on 
dwar£,stock (on quinces) and apples (on Doucin and Paradise apples), on^ 
the other hand, must be planted at least so deep in the soil that the place’of 
grafting is found at the surface level of the soil; i. e., the whole stock under 
the soil. From this a considerable number of adventitious roots develop 
which are especially useful for nutrition. 

Bouche' has given a splendid summary of practical experiments.. 
He refers first of all to the fact that in old. healthy trees the strong 
rootssare seen to appear above the soil and«that this appearance of the root 
neck, is normal. Many trees can survive deep planting when young, since 
they put out new-^oots from the base of the trunk just below the surface 
■ («lms and.lindens) ; others, on the contrary, are very sensitive, as, for ex- 
ample, pears, mapies, oaks, most of the Rosaceae, plane-trees, walnuts, red 
and white, beeches. Also most conifers require care in planting, as, for ex- 
ample, the genera Pinus, Picea and Abies and at times also Thuja, especially 
Thuja (Biota) orientalis and related species, wfhile deep planting has been 
proved to have been endured by T huja occidental^, T. Warr eana, T . plicata. 
Bottohe found trunks,^ to 8 cm. thick putting out a number of new roots. from 
their buried bases wherqby they were very much strengthened. Juniperus 
communis must be planted shallowly but J. Sabina and related species sur- 
vive deep planting with advantage. It has already been ttated of poplars 
and willows that deep planting is counterbalanced at once by the formation 
of new foots on the surface of the soil. In weak trunks it is often found 
that the roots formed jus.t below the surface get the upper hand over thas 
older, deeper ones. It is actually even more advantageous to plant irSny 
bushes deeper than they stood before because they strengthen themselves by 
Numerous new roots from the buried base of the stems. This is noticeable 
tor example in Q|lycanthws, Cornus alba and C. sibirica, Ribes, many kinds 
of Spiraea, Viburnum Opulus, Aesculus macrostachya, Symphoria, 
trum, Rosa gallica etc. On the other hand Caragana, Berberis, Colutea, 
Cornus mascula and C. sanguinea, Corylus, Cytisus, Rhamnus, Sambucus, 
should be planted at the old level. 


1 Bouche, C., tJeb«r das Tietpflansen y* 
Fdrd. d. Gartenb., v. Wittmack, 1880, p. 212^ 
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In plating streetSi besides the embankment wMcJi sometimes becomes . 
necessary, the asphalting and cementing of tUe street causeways is also very 
injurious to the roots of the trees. The injury is due not only to the shutting 
off of the atmospheric air but also the loss of precipitation from the air, upon 
which trees in large cities become so much more dependent, as the level of 
the ground water has fallen because of canalization and the workings oi the 
subsoil in building. Young trees which are planted after the falling of the 
level of the ground water strive to reach this despite the increased depth of 
the springs. 'Consequently in order to facilitate this, the holes for planting 
the trees must be made considerably deeper in such localities. According to 
Bouche^ this increased depth amounts to 6o cm. in Berlin so that now the 
holes for planting trees must be dug i. 5 cm. deep. 

Too Deep Sowing of the Seed. 


The discovery has also often been made that from a plentiful sowing 
of good fresh seed a comparatively small number of plants is produced. As 
is generally believed, the cause lies more frequently in sowing the seeds too 
deep. When harrowed in or hoed under in places, as is customary with 
barley!^ some seed grains necessarily come to lie too deep, others 
too superficially. Uniformity can be obtained only by planting with a drill. 
But even the gardener, who can cover his seeds very uniformly in seed pans, 
not infrequently obtains only a low percentage of plants in sowing very fine 
seeds even if the seed was good and of high germinating quality. 

The processes causing the loss, however, are not always the same, and 
do not always take place under the same condititjfl^ on this account it is' 
impossible to generalize. In order to protect oneself from injury in this 
connection, there is nothing to be doi^ except to understand clearly the in- 
fluence of the different factors to be observed in sowing seed and to see 
which combinations exist in every individual cas£. 

There are three phases in germination. Each can be disturbed and 
cause failure. The first stage consists of the swelling of the seed and is a 
mechanical process, in which (probably by water condensation) an increase 
in temperature has been observed. This introduces the second stage, the 
mobilization of the reserve substances, a chain of chemical phenomena, and 
these accompany the third act, that of the formal development. 


Disturbances in the stage of swelling have often been obseri’ed. ■ Nobbe 
and Haenlein^ found especially in Papilionaceae and Caesalpiniace^ 
that the seed shell at times is so hard that water can not enter, that the seeds 
retained the embryo for years without development, but always in a healthy 
condition. The seed did not germinate because it did not swell. In clover 
seed, the superficial shell or hard layer containing the coloring matter, is 


* Eggers-Giorow, Versuche ober Sen Nutzen Oder Nacbteil elner flaehen Oder 
tlefeff Bestellung der GeratenkSmer. Mecklenb, londw, Ann, 1874, No, 23. 

2 Nobbo und Haenleln, Heber die Resletenz von Bamen gegen die aufsereU 
Paktoren der Kelmung. Vereuchsstatlonen. 1877, p. 71. 



shown to be so impetmeable for water that clover Seeds can lie from one to-^ 
two weeks in English sulfuric acid, and for years in water, without losing 
the coloring matter which in itself would be soluble in Water. In such cases 
only mechanical treatment is of any use. Gaiter and Klose' mixed 
the seeds of lucerne (alfalfa) and varieties of clover with fine sand and trod 
for ten minutes on the; bag containing the mixture. After this treatment, 
13.4 per cent, of the seeds of the lucerne were found to be more capable of 
swelling, 10.2 per cent, of the white clover and 37.8 “per cent, of those of the 
bird’s-foot, without showing any especial injury. Nobbe cftes examples^ 
of an unexpectedly long retention of the germinating power. 32 per 
cent, of seeds of Pinus silvestris, gathered in 1869, after having been kept 
5 years in closed glasses in an occupied room, still germinated, and after 7 
years 12 per cent. With red clover seeds (Trifolium pratense), preserved 
in the same way, 10.5 per cent, germinated after 12 years, peas (Pisum sati- 
vum) 47.7 per cent, after 10 years, Spergula arvensis 20 per cent, after 12 
years, flax (Linum usitarissimum) 49 per cent, after 6 years and 3 per cent, 
after li years. Out of 400 seeds of the locust (Robinia Pseud-Acacia) after 
ten days, longer than which the time for practical purpose does not last, 
71 grains gesminated ; at the end of the year, 55 grains ; in the next year 18 ; 
in the following year 7 and, after 7 years, one seed ; all were kept contin- 
uously in distilled water which was renewed periodically. From these ob- 
servations it seems credible to us that many buried seeds, unimpaired in life- 
power, survive for very long periods. Even in the locust seeds mentioned 
above, the remaindar, left ungerminated after seven years, was still perfectly 
healthy. A slight in^o to the seed shell resulted after a few hours in a 
swelling up and also, ara rule, in rapid germination. 

Disturbances of the second phase of the process of germination, the 
stage of chemical action convertii^ the solid reserve substances into the 
easily transpired constructive matter, are observed very' frequently. The 
fact that many hard seeds such as Crataegus, Rosa, Juglans, Prunus, lie un- 
harmed for a year in the soil, is not to be confused with real disturbances, 
the difficulty of swelling may partly be to blame here;— during the dry 
time in summer the seeds again become dormant. On the other hand water 
may have permeated them already and have given rise to the formation of 
ferments, w'hich lead to the mobilization of the reserve substances. But thi^ 
action of the ferment is in itself too slow, up to the beginning of the dry 
summer period, to sufficiently nourish the embryo. In different individuals 
and varieties of all species which germinate with difficulty, germination and 
development is found the. spring following autumn planting. This takes 
place especially if the seeds are sown soon after harvesting and when possi- 
ble with the entire fruit. “Stratification’’ has been proved still more .effec- 
tive, i. e. the placing of the seed in layers in vessels filled with sand for the 


1 Gaiter und Klose, Quellungaunfabtekeit von Kleesam™ Wiener todw. 



winter. The actual disturbances are found to be the lack of external con- 
ditions necessary for germination. Besides moisture and warmth there be- 
long here the unimpeded supply of oxygen and the observance of^the time 
when the seed is capable of re acting. 

The time within which the seed responds to the action of the external 
Condons necessary for germination by a normal transmutation of the re- 
serve substances and the development of the embryo varies greatly, for the 
different families and species, even for individuals of the same variety. It 
is well-known that seeds of willows, poplars and ehns mijst be sown im- 
mediately after harvesting, sfhce they lose their power of germination after 
a few days or weeks, while cucumbers and melons often give stronger, more 
fertile plants, if the seeds have been kept for a year. To be sure, the seeds 
of many of our fruit and forest trees usually germinate after one or more 
years, but the number of the slow growing, weakened specimens increases 
with the age of the seed. 

Oxygen should be considered tbe most important factor next to water, 
necessary for swelling. For germination the seeds never need as much water 
as their substance can take up; the vegetative activity of the seedling begins 
before this timeh If in the beginning there is a scarcity of water 
which can be taken up endosmotically, the seed also takes water up hydro- 
scopically from the atmosphere”. Water vapor also condenses on the 
outer surface; in fact, after the manner of all porous bodies, it condenses 
also hydrogen, nitrogen oxygen and other gases. Deherain and J^andrin^' 
found that the swollen seeds take up comparatively more oxygen than 
nitrogen from the atmosphere so that more nitrogen remains in the en- 
closed space. After three days the seed begins to give off carbon dioxid and 
this increases so fast that soon more carbon dioxid is present than the oxyggp , 
enclosed in the volume of the air would warrant, the oxygen has gradually 
disappeared. The excessive production of carbon dioxid is therefore to be 
considered as a product of the processes of oxidation of the inner burning, 
beginning in the seeds. 

These authors pictured to themselves the beginning of the chemical 
actions in the seed in such a way that the ra'^Jid condensation of the gas de- 
termined at first for the various seeds will necessarily free the latent warmth 
of the gas and this warmth sufficiently increases the temperature of the en- 
closed oxygen so that oxidation can begin. With this is given the impetus for 
the normal solution of the reserve substance of the seed; the heat, freed byj 
oxidation, favors these processes more and more and they become evident 
externally by the production of carbon dioxid. 


> Jahresb. f. AgTikulturchemie. 1880. p. 213. 

2 Hoffmann, R., in the Jahresberichfc der agrikulturcbemischen UntersucbunK- 
statlon in Bflbmen, 1864, p. 6. and Haberlandt, P., in Keltsnhrift (Ur deutecbe LAnd- 
wirte, 1863, p. 356. Both works may be found in abstract in the Jahresb. (. Asrikul- 
turcbemie, Jahrg. VIL 1864, pp. 108 and 111. 
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The preparation for the germination /if the dormant seed, according to 
this theory, is the loosening undergone by the shell of the seed, as the result 
of its swelling with water. The broken cell layers which hav^ become per- 
meable for gases now permit their rapid penetration and their condensation 
therefore gives the first impetus for the process of oxidation whith causes the 
transformation of the reserve substances into diffusible forms. Sincel^can 
be observed with the seed albumen of plants that the breaking down m the 
starch in the seedling begins in the cotyledons in monocotyledons, it can be 
assumed that the parUrichest in nitrogen, k e. the embryonic tissue, under 
the influence of oxygen will begin the metabolio reactions and by the develop- 
ment of abundant enzymes act upon its surroundings. 

The disturbance in the second phase of germination can result only 
from a lack of oxygen or also from an excess of carbon dioxid. The state- 
ments of Th. de Saussure confirmed by Deherain and Landrin show that no 
gas is so detrimental to germination as carbon dioxid. Seeds which are kept 
in a mixture of oxygen and hydrogen germinate just as in atmospheric air ; 
yet an addition of a few hundredths of carbon dioxid to an atmosphere of 
oxygen is enough to absolutely.inhibit germination, when only the little roofs « 
have appeared. If the amount of carbon dioxid is very considerable seeds 
will not germinate. • 

Carbon dioxid in excess is very injurious to other dormant parts of the 
plant. Van Tieghem and Bonnier' found in bulbs and tubers (Tuli- 
,pa, Oxalis crenafa) which respired further in air containing a great deal of 
oxygen, “and therefore, produced carbon dioxid, that they formed alcohol in 
an atmosphere of pure carbon dioxid. Tulip bulbs which had been kept for 
a month in air free from oxygen were suffocated and remained without fur- 
ther development. 

' ' When seed has been sown too deep there is also an excess of carbon 
dioxid and a lack of oxygen. The thick soil covering brings about injuries 
and hinders the germination of the seed but can not, however, be expressed 
in definite figures. Aside from the different requirements of the different 
species, the optimum thickness of the covering differs for the same species 
according to the composition of the soil, the amount and distribution of pre- 
cipitation etc. On this account the results of the experiments often under- 
taken to ascertain the best depth for sowing differ f rom one atiother as sooi\ 
as a definite statement of figures is undertaken. They all agree, however, 
that in doubtful cases it is better to sow with too shallow a covering than too 
deep. 

The purpose of the covering is to hold the young seed firm arid to retain 
a sufficient degree of moisture. The shutting out of light comes less under , 
consideration. The retention of sufficient moisture for germination must be 
primarily considered. If enough is present, the roots themselves will pene- 
trate at once into the soil even when the seed lies superficially. On this ac*- 

i Bulletin de la societe botanique de France. Vol. XXVII, 1880, p. 83, clt In 
WoUns^'s FprschuDgen auf dem Geblete der A^rikulturphjrsik, 
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count a perfectly superficial sowing of the seed would.be advisable if periods 
did not occur in spring which dry up the surface of the soil to such an ex- 
tent that a temporary or even a permanent inhibition of the life activity takes 
place in the seedling. 

The more porous the soil, the-greater is the danger of drying out and 
therefore the greater the depth at which the seed must lie. In regions where 
the spring is dry a heavy soil will give a more uniform germination even if 
the sowing is^hallow. The same soil and the same depth of sowing becoihe- 
dangerous when strong rainfall and great heat alternate rapidly and form 
crusts on the upper surface of the soil cutting off nearly all access of air to 
the seeds then in a most active stage of metabolism. The air enclosed in the 
seeds does not last long. Ventilation of the plant body is, however, absolute- 
ly necessary, even the germinating seed suffers extremely if the air contained 
in it be removed. The formation of heavy crusts on the soil can make the 
depth of sowing of the seed become the cause of considerably injury, which 
in itself would not be injurious. 

How much the lack of air influences the germination capacity of seeds 
is evident from de Vries' citations. In this connection Haberlandt injected 
curly beet seeds with water under an air pump and observed that the seeds 
took up 71.13 per cent. ; of these seeds thus partially deprived of air only 30 
per cent, germinated as against 90 per cent, of the normal seeds kept as a 
control. In a second experiment all the air was replaced by water forced in 
by the air pump and only 8 per cent, germinated as against 72 per cent, in the 
control. 

Also the time required for germination was shorter in the normal seeds. 
It may well be assumed that the removal especially of oxygen from the seed 
and the hindered diffusion of this gas in new quantities into the intercellular* 
spaces is the cause of the loss in germinating power. DutrocheV 
found even in mature plants that death often occurs if water is injected. In 
the rapid thawing of frozen fleshy parts of plants which, as a result of an 
infiltration of the intercellular spaces with water, have a glassy, translucent 
appearance, the exclusion of the air from the cells by water may contribute 
essentially to their death. 

From the many experiments carried out practically in order to obtain 
precise numerical values for the best depth for sowing seeds, those of Roes- 
tell, Tietschert, Ekkert and Wollny are the most thorough. Roestell^ 
gives 2 to 4.5 cm. as the most favorable depth for porous, strong, field soil. * 

Tietschert' experiments endeavor to determine the maximum boun- 
daries of the most favorable seeding depths in soils differently con- 
structed physically; — 10 cm. was seen to be the rational maximum depth for 

1 De Vries, Keimungsgeschichte dor ZuckerrObe, Landwlrtsch, Jahrb. v. Thiel 
1879, p. 20. 

2 Dutrochet, MOmorires etc. edition Bruxelles p. 211, clt. by de Vries 1. 0 . 

> Annalen der Landwlrtachaft, Vol. 51, p. 1. 

' Tietschert, Kelmungrsversuohe mlt Roggen and Raps. Halle. 1874. 
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sandy soil, 8 cm. for humus soil and 5 cm. for clay and loamy soil containing 
lime. 

The last two kinds of soil suffer from dry weather so that shallow seed- 
ing gives poor results. .The experiments repeated later in the year (August 
to September) gave for all kinds of soil a depth of 2.5 cm. as very unfavor- 
able because of drought ; in this case clay soil was proved most favorable in 
reeding at a depth of 10 cm. It is evident from this that definite figures 
must be accepted with great reserve. Ekkert* experimented with rye, 
oats and barley, in loam, in pond slime (silt), in sandy soil and garden 
earth. In seeding rye in separate wooden boxes no difference in the growth 
of the plants was shown between 2 to 8 cm. of covering (as a result ofsuni- 
form ventilation from all sides). In experiments in the open ground stem 
formation seemed more favored by a lesser depth of the seed, yet this refers 
more to the time of the appearance of the sprout than to its quality. Oats 
and barley survive a deeper sowing than does rye. In summer a deeper sow- 
ing of the seed is better than in winter. The mihim.um covering for grain 
may be 1.5 to 2 cm.; the maximum faiforable for results is 6 cm. 

Later experiments of the same author* bring another important 
factor into consideration which for the same soil acts as a modifier of the 
favorable depth for sowing. The quality of the seed is at times decisive. 
The quality of wheat seed, however, with which the first experiments were 
made did not seem to have any influence on the capacity for germination but 
' the development of the young plant with equal depth of sowing was better, 
the better the quality of the seed. With a medium 5 cm. depth of sowing 
(experiments with sandy soil) all qualities gave the longest straw and the 
longest heads. The relation of the weight of the grain yield to that of the 
«traw is lower, as the seed is poorer and the sowing deeper. Experiments 
with barley confirmed the results obtained with wheat ; the less the depth of 
sowing and the better the quality used for the same depth the earlier the 
seed sprouted. The sum of the sprouted plants was no less with inferior 
seed but the influence of the depth of sowing was so felt in this quality that 
a shallow sowing gave a much longer straw. In general it must be said that 
the depth of sowing, conditions otherwise being thought equal, will influence 
first of all those developmental stages which are connected with the early 
stage. However, the quality of the grain depends upon the early develop- 
Sient in the number of sprouts and the length of the heads as well as the for- 
liation of the young heads and is therefore influenced by the depth of the 
lowing. On the other hand the quality of the harvested gram depqnds upon 
the nqfritive and weather conditions of the current year, and will therefore 
be scarcely more influenced by the first development or inherited peculiarity 
of the’grain. 


1 Ekkert, Ueber Keimung, Bestockiiig Und Bewurzelung der Getreidearten etc. 

Wei^^ uud ^rste verschicdener QuaUtdt etc. 
PQhllng’i Landw. Zeit, 1876, Part 1; 1876, Parts 1 and 2. 



112 


Soaking of the seed, which has often been recommended for light soils 
when the time for seeding has been continuously dry, should be used with due 
care. If the weather becomes dry and the water which has been taken ujUn 
swelling is not enough to make the primary rootlets grow into the soil, then 
there is an unavoidable interruption m growth. This is the explanation of 
Wollny’s discovery’ that soaking produces plants maturing later. 

Wollny’s" studies on the suitable depth of sowing are most thorough; 
he determined for grain that sowing 2 to 3 cm. deep furnishes the 



Fig. 9 . Rye seedling with too deep sowing of the seed grain. Elevation of 
the node of the sprout near the surface of the soil. (Orig.) 


best results in yield. Over and above this a noticeable retrogression is fouS 
already- especially emphasized by Jorgensen’. The last named authw 
also found rye to be the most sensitive and wheat the least sensitive. For 
most of the LeguminoSeae the depth of the sowing is less important. Jn con- 
trast to this, varieties of clover and rape have been proved very dependent 


I 5 ?*:, vol. XXX, No. 15, 1887, p. 48. 
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upon the depth to which the seeds are covered. It seems desirable to have 
this still less than for grain (0.5 to 2.6 cm.). Wollny’s experiments showed 
that in dry years a deeper earth covering was more advantageous, in wet 
years, a lighter one. Corresponding to wet and dry weather the time of har- 
vest was retarded with an increasing depth of sowing, the number of plants, 
which germinated at all and still more, the number which came to harvest, was 
decreased. But it must be emphasized' again and again that precise figures 
for the most favorable sowing in the different localities can be collected only 
directly by the local agriculturalist since not only the composition of the 
soil and the weather but also the character of the variety must be con- 
sidered in the matter, as has been shown by Stossner*. 

This same holds good for tubers, bulbs and pieces of roots which arqi 
used for seeds. In these the soil conditions have an especial weight because 
these fleshy organs w'hich are rich in water are essentially and guickly in- 
fluenced by the soil supply of oxygen . For potatoes, experiments by 
Nobbe* and Kiihn’ have shown that in questionable cases tbe more 
shallow sowing will be the most advantageous one. In the forcing of bloom- 
ing bulbs excessive losses arise at times from the fact that the bulbs (hya- 
cinths) have been planted too deep in the pot, or when in the pots are cover- 
ed too deep with earth after the rooting has been sufficient. Especially if the 
soil covering is heavy and damp and the bulbs have not matured sufficiently 
the year before on account of wet weather, the “Rotz” (see this in Vol. II.) 
usually appears very easily. 

The automatic regulation of the depth of sowing on the part of different 
plant races is interesting. In grasses, and in fact, best seen in our grain 
species, the first internode is the part which is destined, when the seed grain 
has been sown too deep, to push the second node which hides the stem eye 
and the side buds, i. e. the node which forms the stem, into the porous, well 
ventilated upper layer of soil. In the adjoining figure 0 we perceive the 
seed grain which is already almost empty and its weakly retained (primary) 
roots which had been formed in the grain. From the seed grain the first 
(oyer-elongated) internode has pushed the second node nearly up to the 
upper surface of the soil. In this favorable position the secondary roots, 
which exist during the whole life of the plant, have been developed, the eyes 
of the side shoots have attained a further maturity. In .shallow sowing both 
^des lie close to one another and give in cross-section such a picture as is 
Sown in figure 10. The nodal tissue seems divided radially by browned vascu- 
IPir strands. The vascular-bundle cylinders are those of the primary roots and 
become diseased during or soon after the formation of the secondary roots. 
The ground tissue of the node shows the first circle of vascular bundles (g) 
of the young blade close to the pith shield (m) with its few cells. Branches 
of these bundles, recognizable from their wide ducts (g’), may be seen fur- 


1 Steasner, Untersuchungen Uber den Einfluss verschledener Aussaattiefen etc. 
Landwirtsch. Jahrbticher 1S87. 

2 Nobbe, Handbuch der Samenkunde, 1876, p. 184 

* Kiihn, Berichte aus dem physlolo?. Laborat. Halle, Part I., p. 43. 



114 


ther out in the axis. This young blade possesses on the side marked V 
uniformly connected barjc tissue ; on the opposite side D, however, the 
first sheath-formed leaf (sch) which remains colorless, and the bud of the 
next higher leaf, the first green one (bl), which is complefely developed later, 
have been differentiated from the bark tissue. In the'axis o’f this first leaf may 
‘be seen the meristematic position of the first lateral bud fyfenjwhich* pushes 
out the green leaf lying in front of it with its already clearly developed epi- 



sc/t 

Fig. 10. Cros^section through the lowest node of a young rye plant 
Explanation of lettering In text. (Orig.) 


dermis (e’) ; e is the epidermis of the sheath leaf which is already being 
differentiated from the axis. If the (dotted) tissue of the bud of the first 
green leaf (bl) be traced backward in this cross-section toward the side 
marked V it is seen that this passes over into a colorless tissue ring char- 
act^ized, however, by its comparatively large intercellular spaces contain- 
ing air (i) ; the bark tissue of the young blade. It^^is seen from this that each 
grain leaf is a dlredt continuation of the bark of the blade. This bark ring 




iijcoBnected on the side V with the tissue of the sheath leaf and it is worth 
noting thal;,{his sheath, even in so yhung a stage of blade differentiation, must 
have finished its work since the tissue is entirely impoverished and be^s to 
be full of holes ( 1 ). 

While th^efore in the Gramineae the accessory apparatus, which with 
too deep sowing brings the vegetative tip into the abundantly aerated par- 
ticles of soil, consists in the elongation (observed up to 9 cm.) of the lowest 
intemode and, in case of necessity, also of the one abote it, w% find in the 
Leguminoseae and other dicotyledons a different arrangement. In beans, 
for example, we notice first of all an increased elongation of the hypocotyle 
corresponding to the need, so that finally, with very different depths of sow- 
ing, the growing tip of the stem in all plants is found at approximately the 
same height. Naturally the strength of the plant from the same kind of seed 
is decreased as the depth of sowing is greater. The more the hypocotyle must 
beTengthened, in order tliat its upper part, comparable to the curved back 
of the burden-carrier, can break through the load of the soil and bring the 
cotyledons to the light, the more reserve substances will be used up. It is 
therefore very evident that plants coming from greater depths are weaker 
even if they have not lost reserve substances in the ^eed through ' strong 
intra-molecular respiration. Such will be the case, however, if continued wet 
weather sets in after too deep sowing so that a shortage of oxygen results. 

The experiments by Godlewski and Polzeniusz’ show what amounts of 
reserve substances can be lost through intra-molecular respiration and the 
formation of alcohol. Sterilized peas, in evacuated air, produced in the first 
period almost as unuch carbon dioxid as in normal rq^iration in the air. 
The whole amount exceeded 20 per cent, of the original dry' sub}tance of the 
seed. The amount of alcohol formed corresponds to that of the carbon 
dioxid* Only during the sixth week did the production of carbon dioxid 
cease in the peas w'hich lay in sterilized water and up to that time possibly 
40 per cent, of the dry substances present had been broken down to alcohol 
and carbon .(dioxid. This is also the case in grains. In grains the action of 
the seconda^ roots on the nodes of the s(^m counteracts this weakening. 
In legumes a siinilar process of self assistance can now take place, since, as 
Svollny proved, adventitious roots are formed from the over-elongated 
'hjAotylr- member. He observed this on the parts of the stem which had 
be«B covired with soil, not only in field beans, but also in peas, sweet peas, 
lentils, Tupines and plants of other families,-rapc and sunflowers. But the 
l^es often are not capabi? of using such an accessory apparatus smce, 
with oortl^l depth of sowing and capacity for germination, they easily suc- 
cujuh to other dangers which will be described in the section on "condition 
of^ Shells” 


p. Ml- • 



Roots From Grain Seeds. 

It seems best to add jjere an accftunt of a. case which, ;i)e.cause of it% 
peculiarity and rareness, deserves a permanent plate in scierj^e. 

The agricultural teacher, Wolfes in Dargun (MeAlenbuif-Schwerin), 
sen^me in 1876, fourteen wheat grains in which, through h^ertrophy, the 
embryo did not lie to onh si^ of the endospenn, but occupied a middle 
position. The grail# were sown in the fall and in the spring they had partly 
rooted but without developing plumules, ^'hey were either slender pear* 
shaped or even cylindrical at the One end, tapering rapidly at the other like 
the nei^f of a violin. In many grains (Fig. 11-12) the elongation of the 
slender end opposite the embryo wasjso marked that a neck was formed, 
possibly 2 to 3.5 mm. long, and twisted toward the, upper end. 

In twelve grains the length of which varied from ^ to Ij 4 cm. th# 
neck bore a large number of very thin, thread-like roots i to 2 cmt lo!fg, 
closely arranged like a brush. These were pubescent almost Iheir tPtirfc ' 
length. 

Upon attempting carefully with a needle to raise the wrinklea ana oc- 
casionally ruptured testa of the grain it was found to be closely attached to- 



Fig. J.1. Wheat gralM with roots not originatiiig*from the embryo ^ut' ^^nging 
from the#|ype#trophted testa at the tip of the seed grain, fcw, 

the grain in different places and, when brolten off, was usually ofti darker 
color. On the other hand its upper part was firmly connected with beak- 
like growth along almost its whole length and could be raised fgpm the grain 
proper like a straw cap (Fig. 12)^^ The neck tlierefore* at the’ time gt the 
investigation was not connected with the actuaj grain by the testa 

from the substance of which it ^so seemed to be formed.' In’ fllfe fresh con- 
dition of the grain this had been firmly setfon the seed since various concave 
jtlaces on the inner walLjf the cap, perceptible thfough the oifoc^scdpe, fitted 
on to the small convex elevations visible on th^ seed grains. * 

There was attother equally ntjfeworthy phenomenon, namely, that the 
•fissure, normally preset, was lacking.in these -wheat grains." "Hie grain, 
which had been dug up, also failed to sjjow the seedling which lieswt the base 
pf the normal grain and is easily recognizable through the seed coat j if was 
jipt noticeable in the seeds observed. The endosperm'itself, when eut apart, 
finally showed only- a small degree of the v^ite color of the healfihy.^ra^. 
There were long, glassy^translucent and yellowish streaks e^tendiiiji ir(^,gl. 
• the edge inward. It had a rancid odor. The-bli|e iodin reaction 
wa|^.strong only in tbwe particles of the grain which, on the f^sfijy;cu.t 
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surface, were found to be white and>mealy, while oh the glassy places there 
was only a slight reaction. 

•►The glutinous layer in the Mecklenburg grain was not developed at all, 
the thin seed shell only incompletely. In plate of this glutinous layer (Fig. 
12 k) a plate-like parenchyma was found, the content of which did not 
differ essentially from that of the underlying tissue. 

The most striking thing connected with this abnormal wheat grain was, 
however, th? position of the embryo on the opposite end from that which 
bore tjje roots (Fig. 12 w) and exactly in the middle of thf grain*(as in 
Typhaceae) equally surrounded on all sides by the tissue of the starch- 
contaiping endosperm. While in the normally constructed wheat grain the 
seedling lies without, at the base of the grain, and is connected with the 
endosperm by a special prgan, tbe scutellum (the* cotyledon), the seedling 
lies here (Fig. 12 e) without cotyledons in a central cavity (Fig. 12 h) of 
the grain. * 

This cavity in some of the grains is elliptical, in others triangular. In ’ 
some it extends possibly to the middle of the grain, in others, becoming 
narrower and narrower toward the top, it reaches to the- tip, even penetrating 
into the tissue of the cap. On the inner side it is lined with a layer formed 
of two plate-like rows of cells of k glutinous content (Fig. 12 0) which 
clearly resembles the glutinous layer deposited in healthy grains outside the 
endosperm. 

The young leaves of jjie seedling, folded over one another, show no 
essential variation. On the contrary, the number of secondary roots^formed 
m whorls at almost^qual distances .(Fig. 12 r) steadily increases up to 6 W 8 
and these roots appear to be covered by a parenchymatous layer arranged in 
the manner of cork cells, 6 to 8 cells tliick and'^free from^tarch’. 

On this tissue lies the combined and modified seed coat (Fig. 12 sf) 
which in dry grain becomes thicker walled with more abundant cells to#ard 
the tip and'ytvelop^mpeiweptibly into the cap which the root bears at its 
lip (Fig. 12 w). ^ 

The vascular bundle is continued into the cap from the.roots. Here are 
often found several bundles united at fie ^jp of the cap int« a ring-like, 
thicker network of duots running horizontally ai^d resembling a node of the 
stalk. 

Still further hack from the tip these vascular bundles (Fig. iso- 

lated near the outer edge of the inside jf the cap, are, seen to run backward 
(Fig. J2 gg). The endosperm normally has no fully de^lopedi vascular 
bundles and fte cotyledons^only embryonic ones. Here, howe^r; the vas- 
cular bundles take qn often irregular course through the endosjierin and 
m tlw- individual grains, ^rround the seedUng in a semi-circle and havi ’ 
not developed even though the graj^ lay in the soil over winter. - ' t 

cutting cross-sections from the diseagd grams and submit^ 
them to microscopic mvestigation, the probable cause of flii stri'kj^ taOr 
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formation was seen at once. The inal)iUty of the seed covering to free itself 
entirely from the grain was due to a connected firm, homogeneous, some- 
what (}ark mass (Fig. 13) ; the presence of thick, much ramified^nijcelial 

threads, often provided 

witli short skein-like groups 
of branchts, could be 
proved. The threads of the 
colorless, stiiongly refrac- 
tive mycelium grew trans- 
versely through tlie very 
thick walls ^ig. 13 m) of 
. the fruit cells and seed coat 
which had been merged into 
One another. The mycelial 
threads grew more thickly 
when the cells were richer 
in, content and thinner wall- 
ed, entirely filling some cells 
of the endosperm (Fig. 13 
mm). 

Near such places the 
starch had been dissolved 
and the cytoplasm had be- 

Flg. 13. Hypertrophied testa traversed by mycelia.* 

dried. In other cells a firm 
network of protoplasmic material scarcely distinguishable from starch could 
ie seen, These were almost imperceptible in the starch grain but yet were 
there. This substance was apparently deposited about the starch grains but 
upon examination there were no grains __ 

present, only the corresponding cavities. f J 
In some such way originated the yellow- ) 

ish, translucent places between which 
lay groups of cells especially rich in 
starch. These mixed regiotjs ^e the ^ 

proper iodina reaction under a weak 

mlgnificatifn. f \ ^ | ..f . g 

The variation in the structure of the 
diseased grain is best^hown by compar- 

iltff figures 13'and 14. The latter repre- Fig. 14 . Normal Jrulf and seed 
... .. , ' membrane together with the glutl- 

tlettts a section from a correspondmg lawyer. 

Sf a healthy gain,' The seed coat 

I;3^14 fs) in the diseased grain is more Aan three times as thidk as in 
te^lriiy grain.- In the abnormally'^eveloped seed coat there is a com- 
vascular bundle witfi a clearly recognizable sheath (gs). 
^||# d^a*ed grain the growing fruit membrane passes directly over into 







F!g. 14. Normal fruit'jand seed 
membrane together with we gluti- 
no\j|^ layer. 
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the endosperm (e), and in the healthy one the gluten layer (Fig. 14 4 )lies 
between the two tissues. 

Investigations of such grains in the “imported” seed show a. similar 
condition. The seeds seem malformed andfthe fact that the malforma- 
tion manifests itself in the position of the embryo as well as in the develop- 
ment of the endosperm and especially in the thickened growth of the seed 
coat proves that this malformation must have been completed when the 
grain was forming in the head. Fertilization has nevertheless taken place 
normally since the embryo displays leaves and growing point as well ar roots 
(the latter in increased numbers). But some local stimulus must at once 
have incited a cell increase in the Truit tissue and thereby displaced the em- 
bryo from the side towards 'the middle of the endosperm. This stimulus 
was active during the whole development of the seed and increased the vege- 
tative activity so that the character of the endosperm underwent a change, 
for the vascular bundles are those of a vegetative axis. We observe a most 
important numerical increase of the cells in the tips of the seed, assuming 
the character of a vegetative axis and, by means of the entangled vascular 
bundles, resembling a stalk node. Abundant roots develop at these stalk 
nodes and it is not improbable that leaf buds might have begun had there 
been a greater aeration of the soil layers. We would then have had a case 
similar to that in dicotyledonous_ plants when, as has often been observed, 
vegetative axes develop from their fruit nodes. 

For such processes, however, the seed lay too deep. There was no ac- 
cessory apparatus for raising the seed to the upper surface of the soil, su(A 
as the elongation of the first intemode in the seedling. As a result bacterial 
decomposition followed, due to the lack of oxygen, as was shown by the 
rancid smell of butyric acid. ’ 

This is the reason for mentioning the present case here. Had it been 
possible to determine exactly the causative fungus the case wouM have be- 
longed under parasitic diseases. As it was impossible to make the my- 
, celium fruit, the case%ecomes hypothetical as to the nature of the parasite. 
Only one thing is certain — viz., that the stimulating mycelium did not belong 
to the black fungi ( Cladosporium, etc.). According to Brefeld’s latest in- 
vestigations on the penetration of the smut into the blossoms, it is highly 
probable that the smut spores, w'bich have entered the blossoij, ^rmirfite 
soon after the fertilization of the grain, and by the slow advance.jof their 
my celia have exerted the stimulus on the seed coat. 

3. Greater Horizontal Differences. 

The individual development within the same plant species is influenced : 
by ho|||zontal changes in the place of cultivation from nprth to south, or east 
to west, as well as by the vertical elevation of the habitat. De Candofle* lafl) 

. , ^ 4 

2 Sur la m^thode de Bommes de temperature appliquda aux 
vegetation. Separatabzug der Blbliotheque unlvertielle de Geneva 187€. ■” ^ 



121 


down the principle that with approximately equal latitude and elevation, the 
temperatures above 0° in shade are higher for the same developmental 
phase (tiine of blossoming, defoliation, etc.) in the western parts of Europe 
than in the eastern oties. Obftrvations show that in Europe the lengthi of 
the growth period decreases toward the northeast and increases towards the 
solhthwest. Because of the many mountain chains and plateau-like inter- 
ruptions the phenomenon is less clearly evident in western Europe than on 
thd^great level plains of Russia. Kowalewski’s' very remarkable work re- 
ports on this phase. This is based on the statements of 2200 agriculturalists 
scattered throughout all parts of European Russia, who had reported the 
time of sowing and harvesting of the gfein. Since cultivation must be 
adapted to climatic cqpditions, the usual times for sowing and harvesting 
show the existitig vegetative conditions. 

The sowing of winter rye takes place in the southern part of the Gov- 
ernment of Kherson on the 15th of September-, at Archangel, on the first of 
August. The localities of simultaneous plantings of winter rye do not run 
parallerto the degrees of latitude, but are inclined from N. W. to S. E. ; 
therefore, they run almost in the same direction as do the isocheims. The 
4 ifference in the time of harvesting winter rye in the far north (Archangel) 
and In the south (Kherson) extends, like the time of sowing, over a month 
and a half. The seeding period for summer grain in the far north is one- 
third to one-fourth as long as at the southern limit. At the western it is two 
to two and a half times longer than at the eastern. The time of harvesting in 
the north is likewise one-third as long as in the south ; in the west once and 
a half to twice as ’long as in the east. The localities of simultaneous ripen- 
ing of summer grain run from S. W. to N. E., corresponding therefore in 
their direction with the isotheres. , 


The growth period in southern and southwestern Russia is only 85 to 
iI04tty^ fQt buckwheat, fla.x and barley, — ^but no to 125 days for sum- 
mer wheat, millet, oats and peas. Sugar beets, maize and potatoes have the 
longest growth period, — 150 to 165 days. Thus, in the south, the longest 
growth pdriod is almost twice as long as is the shortest. On the other hand, 
in the north,. the periods concerned are not only shorter everywhere but are 
ate more simultaneous. In the far north and northeast tfae difference be- 
tween the longest and the shortest growth periods does not exceed 10 to 20 

For the same cultivated plant, in European Russia, the rate of develop- 
ment increase's on the averfge with the latitude. Thus, for example, oats in 
&e Government of Kherson (south) have a growth perwd of 123 days, 
Wheat aid barley one of no days. In the north, however, (Archangel) the 
j^Wth^riodpf.oats decreases to 9^ days, that of wheat to 88 days, of bar- 

^ 1 KAwnTewski. W Ueber die Dauer der Vegetationsperiode der KulturpflM|aen 

' i''. ^jAJi ttuteB a]^,giTea oW still usetf'lJi Russia, 


ley to 98 days. In the same geographical latitude, a longer v^etation period 
is found in the West than in the east. 

The causes of the shortening of the growth periods, %erefore, cannot 
lie'in the warmth which the plants receive a#a corresponding degree of lati- 
tude, for otherwise the plants in the south would have passed through their 
development considerably more quickly than in the north, also since *the 
. southern black jsoil is raised to a higher temperature than the heavier, often 
clayey andidamp soil of the north. Besides- this, the lack of moisture iif the 
south hastens maturity very greatly. Some other factor must -therefore be 
determinative. Kowalewski states this to be the length of the insolation, . 
He now assumes May 5th to be the mean time for sowing oats and August 
20th as the mean time for harvesting them, finding thereby an insolation 
period of 2000 hours for the 98 days of vegetation in Archangel. If the 
period of bright nights be added to this, there is an increase amounting to 
2240 hours. Kherson oats are sown on March 20, harvested on July 20th. 
In this 123 days of vegetation, however, only 1850 insolation, hours obtain. 
Further, as Kowalewski says, it must be noted that the cultivated species of 
the north are adapted to a lesser degree of warmth. Therefore, when 
brought to the south, they ripen comparatively earlier. This result agrees 
with the one found by Schubeler* which will be mentioned later. Similar 
observations are said to have been made in Canada also. 


In further explanation of the change in the length of vegetation, Kowa- 
lewski brings forward the greater intensity of illumination, the small cloud 
masses and the greater humidity of the atmosphere and, supported by Fa- 
mintzin s investigations, he believes, for example, that the light optimum 
for assimilation is exceeded in the south and therefore has a retarding in- 
fluence. This would correspond to the yellowing of the shade-loving plants, 
when grown in high mountains. It is not necessary to fall back upon the 
theory of the retarding action of the southern excess of light, if Wiesner’s 
theory be accepted. In explaining the utilization of light on the part of 
plants in the far north, Wiesner^ emphasizes, according to his investigations, 
the fact that in regions of the far north (Tromso), with an equal elevation 
of the sun andean equal clouding of the sky, the chpmi’cal intensity of the 
daylight has been shown to be greater than in Vienna and Cairo, but less 
than in Buitenzorg in Java. The light factor of the far nofthem regions is dis- 
tinguished in its illuminating quality by a relatively »iarked equability which 
obtains in no other locality where plants flouri^. The plants of the arctic 
vegetative zone receive the greatest amount of light as a whpW. Here in 
the low growring plants there is no self-shading due to their own foliage 
and even woody plants in adjacent southern regions show onIy„a minimtim 
amount of shade-producing branches. • 

- * 


1 Sohtlbeler. Die Pflanzenwelt Norwegene. 
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Wittmack has reviewed earlier cultural experiments as to the behavior 
if plants indigenous to any given locality when artifically introduced to a 
reipon farther south^. His conclusions follow; — plants from the north der 
velop somewhat more slowly in middle Europe, catch up later with the in- 
digenous ones, however, or even exceed them. It is evident, therefore, that 
the short growth period, which has become habitual in the north, is often 
still more shortened by the increased warmth of the southern habitat, pro- 
vided also that the climate be dry. The damp climate of England with its 
low maximum temperatures retards ripening. The humidity of the air is a 
factor of great power and can delay ripening; just as, conversely, regions 
with great periods of drought, tlie climate of the steppes and similar con- 
ditions, not dependent on the degree of latitude, form limited centres where 
plants ripen prematurely. Too great drought certainly retards development, 
as has been determined experimentally. Stahl-Schoder’s experiments, cited in 
the chapter on "Excess of Water,” treat of soil dryness. The period of the in- 
fluence of heat is very important and is indeed explicable. Heat in July and 
August is more advantageous than in May and June but the reverse is true 

for rain. . • , 

Wittmack’s summary in general shows the significance of the physical 
structure of the soil in relation to the early ripening ; that the vegetative 
time in eastern regions is shorter for the same varieties of grain than in 

wfotem ones. , 

Based on the observation that the varieties cultivated m northern 
climates retain their shorter growth period in the immediately following 
developmental periods, an active trade in northern seed has been developed. 
Meanwhile the quantity of the harvest should not be lost sight of. Abundant 
supply of nutrition being uniformly assumed, the quantity depends alwaprs 
on thi length of the vegetative period,— i. e., the time of the formation of 
shoots. The longer time the grain has for the formation of vegetative 
organs (as in damp, cool seasons) the more abundant is the growth of 
shoots and with it the formation of a greater number of ears trom the in- 


If we %hould. carry into the east varieties produced in the west, whic 
are long-lived and chamcterized by great productivity, vje would run the 
risk of frosts. This is most strikingly true in the English vaneties of w ea , 
from the squarehead group, which toward the east rome less and less true 
toseed, because they winter kill. Experience shows in regard to frost-resis- 
tance, that seeds from northern regions give plants in southern latitu s 
which at times not only ripen earlier, in spite of an initial retardation, but 

also better withstand frost. . u u k. .rnnhasired 

From. the result of Schiibeler’s’ observations, it should be emph^ized, 

that the quick' growth, which has become habitual in northern or Alpine 
I’fiaiwe^elt Norwegens, 1873, pp. 77 ft 
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climates because of a short vegetative period, is lost after four or five years 
of cultivation in lower latitudes. Conversely, long-lived varieties accustom 
themselves in a few years to a short vegetative period. Yellow chicken 
maize from Hohenheim, for example, which ripened in 1852 at Christiana 
in 120 days after repeated sowings, shortdiled its growth period to the extent 
of , 30 days in 1857. In Christiana the developmental period of barley is ^ 
days, but seed brought from Alten (the 70th parallel) needed only 55 days 
(see Kowalewski). 

Of the chemical properties developed in a northern habitat, which in 
great measure correspond to the changes in plants in high elevations, the 
fact that the sugar content of the fruits decreases toward the north while 
the aroma Increases is of especial importance. Bonnier- and Flahault main- 
tain also that not only the size of the leaves increases in the darkness of the 
north but also their green color*. Schiibeler’s experiments in summary* 
give the following special examples;— In wheat brought from Ohio and 
Bessarabia, the grain became darker in color each year until it was as yellow 
brown as the native Norwegian winter wheat. Similar results were obtaineH 
with maize, beans, peas, celery, etc. Celery taken from a region extending from 
the Caucasus to Hindustan, grows in Africa (Egypt, Abyssinia and Algeria) 
and may be found in Europe from the Mediterranean to the Baltic ; it now 
extends even into Finland up to the 69th parallel. There, however,, the root 
stalks are poorly developed; — the aroma, nevertheless, becoming more 
pungent*. The greater intensity of color in the blossoms, as already men-, 
tioned, a peculiarity shown to correspond vrith an increasing elevation above 
sea-level, also _ appears in most garden flower? as cultivation advances to- 
wards the north. In regard to the formation of aromatic substances, be- 
sides celery, juniper may also be cited as an example. In Norway it is much 
richer in oil than in Central Europe. Onions also and garlic are Uncom- 
monly pungent in Norway. Strawberries are sour but aromatic, while, 
according to Gdtze, they are exceedingly sweet in Coimora, but almost with- 
out any aroma. Plums often remain so sour that, compared with fruit 
brought from more southerly regions, they still seem immature. A similar 
condition exists with grapes as shown by comparing the swe^t Portugese 
grape with the less sweet but aromatic Rhenish grape. 

In considering the horizontal differences, expressed in the decrease of 
rainfall and increase of clearness of the air, from the west towards the east, 
in the conditions of light between southern and northern regions etc., we 
should not forget one circumstance, to which de Candolle* has llready 
called attention. This, to be sure, has not been sufficiently verified fexperir 

Ik: ' 

1 Bonnier et Flahault, Observations sur lea modifications des.v^g^taux sulvant 
les conditions physiques du milieu. Anna], d. sp. nat. Botani^ue, t. VII, Pari* 

p. 93. « If 

2 The effwts of Uninterrupted Sunlight on Plant*. Gard. Chron. 1880. L & 271. 

8 Haiisen^C.. Der Sellerle. Gartenflora, 1^, p. 18. . - ' 

* de Candolle, A., ^ur la mOthode des sommes de tempOreC^e app!iquOO ''lbiK 
phOnomOnes de la vOg^tation. Archlv. des sc. physique*, etc. Nodv. sen 3^1. 

Genf 187B, clt Bot. Jahresber. 1876, p. 686. * 



12 $ 


■ fflent|lly, but finds repeated substantiation in practical experience. It is 
pame* the greater, more complete dormant period of plants. According to 
Ihne', trees which thrive normally in Central Europe and in Coimbra put 
out their leaves possibly a month earlier in Coimbra and their autumnal 
change of color occurs about a vfcek and a half later than with us. Thus 
their dormant period is about six weeks shorter there. The length and com- 
pleteness of this dormant period, however, must influence greatly the rate 
of subsequent development. It may indeed be assumed that, with the con- 
tinuation of a temperature which does not stop the functions entirely, a 
number of vegetative processes continue with a slow but steady consumption 
of materials (process of oxidation) and without any compensation to the 
plant through newly assimilated substances. Besides this, it seems that 
many enzymes, which affect the energy of metabolism, either succeeiTin de- 
veloping to the necessary amount only during a complete dormant period, 
or are made ready for it. I f no complete rest takes place it may be observed 
especially in the two or three year old bushes and in the buds on branches 
tif woody plants. These are forced earlier and produce weaker organs 
(smaller leaves, a greater number of sterile blossoms). 

• The increased weight of the seeds in northern latitudes has already 
been considered. There are, however, some experiments by Petermann® 
which prove a higher germinating power of Swedish seeds of clover varie- 
ties, timothy (Phleum pratense L.j, and of spruces and pines as compared 
.with German, French and Belgian seeds. The Swedish seeds, which, 
actually, on an average, possess a greater weight, show greater power of 

■ germination, not only in tht number of fertile seeds which can germinate, 
but also in the energy with which germination takes place. These results 
Itia^ be explained very well by a greater developmental energy in the plants, 
due ttf a more complete winter rest. 

These .observations have a very noteworthy practical bearing in so far as 
they affect the culture of seeds obtained in exchange. It is not enough 
merely to introduce seed from other regions, but it will seem necessary* to 
ask above all, what characteristics it is desired to improve in the cultivated 
plant aind in what climates these cfiaracteristics attain a higher development. 
Taken from such localities the seed will then give the desired results. 


The cultural results, obtained by using plants of other climates, hold 
good as a rule, however, only for a very few growth periods. Often the in- 
fluence of the present habitat is felt in the second generation when the plants 
pf foreign im^rtation have assumed the habits of the native varieties. 
iP'ruit trees taken from Angers grew* and bloomed on Malorka even at the 
end ofl^Eebruary, while" the native ones did not blossom until a month later®, 
sh^ment made, two years later from Angers showed the same phenom- 

> nw. 'I’hanologische Iditteilungen. Cit Hot. Jahresb. 1898, II, p. 409. 

£ 0 1'etermann, Becherches sur les graioes origlnaires dea.hantea latitu^s. 
” It dll it. XJiVIII. des MOmoires couronnOa et autres Memolres puBlids liar 
tUlirte de Belgique, Bruxelles, 1877. 

von Wittmack, 1882, p. 874. 
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enon. The fruit trees of the first shipment were now, howpver, bloseoming'- 
later, i. e., simultaneously with the native ones. The transition froSi thp^' 
hereditary form of growth to the new one determined by the climatic con- 
ditions is rarely effected as rapjdly as it is lost when returned to its former^ 
habitat. Yet, in our vegetables, we havi examples of a rapid chMge in 
pecularities. In a tropical climate these keep approximately their own char- 
acter only in the first year. Already in the second year the seeds of these 
imported plants produce elongated, lignified specimens'. These are our cul- 
tivated forms which are beginning to vary from the normal. No rapid 
changes are noticeable in species growing wild, as has been shown by Hoflf- 
mann’s experiments with parallel seeding of certain forms of Phaseolus 
and Triticum in Giessen, Genoa, Montpelier, Portici and Palfrmp®. On 
the other hand, Hoffmann mentions slow changes, first taking place in the 
course of many generations. Thus Ricinus Omniums becomes tree-like and 
perennial in the tropics, in the same way Reseda odorata becomes more or 
less persistent in New Zealand and, conversely, Beilis perennis becomes an 
annual in St. Petersburg. 

Among the changes in mode of growth, which are only slowly com- 
pleted, belongs the formation of the annual rings in our trees. At any rate 
the distribution of vascular spring w'ood and the slightly vascular summer 
wood within the same degree of latitude fluctuates in each year according 
to the amount and distribution of precipitation. But in the changes ' 
of the average weather, due to changes in latitude, the same dif- 
ferences become constant and form thereby ecological varieties.* Bonnjer®' 
treats thoroughly such anatomical differences in the development of the 
same species in northern and southern positions. He compares examples 
of the linden, red beech, acacia and others from the region of Toulop {with 
its 260 days of active growth) with those at Fontainebleau (growth period 
178 days) and found (hat the spring wood develops better in the sputh, 
jiaving more abundant, often wider ducts. In this the abundance of precipi- 
tation in the spring in the Mediterranean district surely has a definite bear- 
ing. The summer wood of the south, however, is righer in libriform fibres 
and often consists only of these, while at i^ontainebleau numerous ducts are 
formed, even in summer. The leaves of the Toulon plants were shown to 
be one-third to one-half thicker and provided with more layers of palisade 
parenchyma in comparison with the plants grown in the north. The stomata 
are more numerous, the sclerenchyma is greater and the cuticle stlWgth- 
ened. The Toulon plants exhibit the character of Mediterranean jfterii. in 
general. 

The greater intensity of the color of the blossoms, as the plants aiitance: 
from the plains to the mountains and from lower latitudes to n^rtl^n^ 

1 Deutscbe Gartnerzeitung, 1883, No. 17. 

Z ‘ lfe?°p^3o’ metne Variationsversuche von 1866 bli 18W. ’ Bot 

BoL j^"r“8b®^9M.'‘irp. m6Jlfeftajj6enn«; 



regions, 4ias already been considered. Recently attention has also been <jf- 
r^Cted to the increased change of color in foliage leaves and its peculiar 
significance as a protective adaptation has been suggested. MacMillan^ 
treats of these conditions very fully. He speaks of “warming-up colors" 
tneaaning especially the red coloring substances which are more abundantly 
represented in colder regions. Alpine and arctic plants are more often 
found with blue or violet blossoms than with yellow ; the ends of the twigs 
are often reddened. The temperature is somewhat raised by the r/d coloring 
matter and the influence of cold somewhat weakened. If one thermometer 
be covered with a green leaf and another with a purple one, while both are 
exposed to the sun, in a short time the thermometer protected by the purple 
leaf shows a, rise of 6° to io“ of temperature. In the same way he found 
that a thermometer, stuck in a bunch of violets, shows a higher temperature 
than one in a bunch of cowslips, 'after an equal exposure to the sun. 

The autumnal coloring may be conceived as a definite reaction of the 
plant to the lowered temperature. The plant provides warmth for itself in 
its red coloring matter. On this account so many spring flowers are red 
and violet and autumn flowers blue or red. 

In warm clipiates plants often assume peculiarities directly opposite to 
those of arctic or alpine plants. In tropical plants the storage cells are less 
strongly developed than in related species from colder regions. The buds 
are less protected, pubescent coverings more rare on leaves and twigs (with * 
the exception of desert plants). Many winter habits disappear. There are 
fetyer biennials. The warming-up colors recede more and more, while 
whfle, yellow and spotted blossoms (Orchids) predominate. 

Nature would develop red coloring matter to prevent loss of the super- 
fluous light and to transform it into warmth and to use it as a stimulus to 
growth. 

Ay® cannot support this theory of the premeditated utility of the red 
coloring matter as an apparatus, producing warmth and weakening the 
light, even if we had such an inclination. If the red colowng matter hys 
oiwe been produced, it will'be effective in the way given. The idea that the 
plant can produce it as a protection against cold, when the temperature be- 
comes lower, is not plausible, because in the hottest summer temperature 
leaves can be reddened. In the Rosaceae which are rich in tannin (Crataegus, 
for example), I have been able to produce the reS autumnal coloring after 
a few weeks in the middle of summer by girdling the twigs. The fact that, 
in summer the underside of many leaves, when reversed, becomes red within 
a few days is universally known. Parasites furnish further instances. On 
do same cherry free, for example, the leaves of branches attacked by 
Cerasi turn glowing red, while the healthy ones remain green. In 
Spot diseases the circular '-fungus centre appears surrounded by red. 
^^t^toceae, whose leaves die down in summer (Hippeastrum etc.),- 
tcat^pune spots and stripes. 
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Thus we believe t^iat the retf coloring matter may be looked upon as 
necessary reaction of the cell to the influence of different factors Connected 
with a relatively over-abundant supply of light. One of these factors may 
be the lowering of the temperature' due to a change in the latitude or longi- 
tude of the place ,of growth. • 

If we look back to the many changes undergone by the plants in their 
morphological and chemical structure because of any change in latitude of 
the place of growth, we cannot shut our eyes to the conviction, that fiot in- 
frequently in these changes of place may be sought the reason for a predis- 
position Joward disease or, on the other hand, toward greater immunity. 

We have mentioned that the western squarehead wheat grown in 
eastern regions has greater susceptibility to frost and now remind the 
reader that parasitic disea'ses may also be dependent on the different mode 
of development of the host plant inherited in the seed. One should con- 
sider, for example, the fact that many parasitic fungi appear or are especial- 
ly abundant at definite periods. In case such fungi only attack young leaves, 
the presence of young leaves when the spores are ripening' will determine an 
epidemic. The rapidity with which a plant, passes through its develop-* 
mental cycle in any given climate is a determining factor- in this question. 
If it develops slowly, its leaves are young and remain susceptible for a longer 
time, giving a greater danger of fungus infection. ' If a variety matures 
quickly (for example, one introduced from more northern or eastem'* 
regions) then the leaf may be fully matured at the time of the actual digtri- ’ 
bution of the spores and therefore be resistent to many parasites. 

Such circumstanoes deserve greater consideration than ,^as been given 
them as yet. They will also be a factor in the discussion of the "biological 
races” of individual parasites, for it is most probable that often infections 
of the most closely related host species fail because the host plant at the 
time of infection is already in an advanced developtjaental stage, in which 
the leaf is more mature, i. e., has thicker walls and less cell-content. ■ The 
fact that the ftingus infection is connected with a definite developmental 
stage of the host plant is shown, for example, in the rust fungi of grains. 
Eriksson' states that the rust occurs earlier in the v.arietiessripening early 
and recent observations show that the different forms Sf Puccinia have defi- 
nite periods for atta^king^rain. Thus it was shown in 1904*. that.Pttccjnto 
glumarum appeared first and foremost in wheat, then followed P. dttpersa 
which, however, attacked only those organs and varieties which were still 
immature, tater, slowly ripening varieties of wheat were found badly at- 
tacked by P. dispera and slightly by P. glumarum, while the converse is 
true for varieties maturing early. P. graminis was fop^^ in stored grain. 


Erikssoti, J., Sur I'origine et la propagation do la rtuiUe deg cgrSaleg UAr la 
semence, Ann scienc. nat. Hot. VIII. ,tt. Vols. XIV. an^'x^ 

Getrolderost *• PBanzenschutz. Qeutgehe Landw. Oea. l»»g 
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Glassy Grain Kernels. 

These must also be considered as the result of climate influences. 

Grains are called glassy when their endosperm is hard, alqiost trans- 
lucent and grey or reddish in cross-section, while in the normal mealy 
kernel the endosperm appears soft, white, porose and easily friable. 

This glassiness of -the kernels occurs usually more abundantly in the. 
north and east of Europe than in the west, which fact points to the influence 
of atmospheric dryness with a higher light intensity. In danfper, western 
regions the vegetative organs obtain a greater ascendancy. Thus Lieben- 
berg* states, for example, that the otherwise excellent northern barley has 
two disadvantages ; — viz., too large a percentage of glassy grains and too 
dark a color which is caused by rain falling on the grain when ready for 
harvesting. These gusts of rain at harvest time naturally play no part in 
the development of grains which mature during the dry season. With the 
lengthened light action, varieties of rye also become intensively colored. 
The same author reports that at the grain exhibition in Sweden, the oat 
samples, on an average, possessed only 22.66 to 32.04 per cent, of chaff by 
weight, while in the Austrian and French varieties it fluctuated between 
25.23 and 38.37 per cent. In general there is truth in Haberlandt’s^ state- 
ment, that a continental climate produces glassy grains, but that, on the 
other hand, cool, wet summers or an artificial abundance of nutritive sub- 
stances and water produce mealy, specifically lighter grain kernels, poorer 
in' nitrogen. 

•The glassy condition of the grain, according to Gronlund’s’ investiga- 
tions on mealy and glassy barley, exists in the fact that the cells of the albu- 
men in the mealy grain which contain the starch show that the spaces 
betwegn the starch cells are filled with cell-sap, while in the glassy grains 
these spaces are filled with protoplasm, johannsen’s^ work assumes a 
greater air content not only between the walls of the mealy grains, but in 
their whole mass. In germination, the glassy grains become mealy. Ac- 
cording to Gronlund, who, moreover, acknowledges no relation between 
weather and the production of the glassy conditions, glassy kernels germi- 
nate more eaSly andibettcr and give stronger plants. Although he assumes as 
incontestible that glissy kernels may be produced from soil containing much 
nitrogen, yet he believes that poorer, sandier Soil, poorly cultivated, pro- 
duces this peculiar formation much more certainly. He found that mealy 
grain was produced by pure potassium fertilization. Moreover, both forms 
occur at limes in different stages in the same head. I would like to assume, 
for the production of glassy kernels that the process of starch formation is 

1 Llebenbe:^ l^richt uber die allsemeine nordische Samenausstellun? etc., 
1882, cff. Bot. Ccntralhl., 1882. No. 43, p. 115. , „ _ 

■4 Haberlandt,' I)l«rAbhangrigkeit dcr Ernten von der Grbtse und Verteilung der 
■ NIoderschlRge. OesterrC landw. Wochenbl, 1875, p. 352. ^ 

3 Nach einer Preisscheift des V^erf. cit. iiu Jahresbericht f. Agriculturchemie 
xxm (1888), p. 214. 

* Allg. Brauer- und Hopfenzeildftgf 1884, Nos. 78 and 79. 



shortened in sandy soil, which dri^ quickly, and, since potassium makes the 
com mealy, iVould much sooner believe that the action of the potassium is 
stopped too soon and indeed because other processes, viz., those of ripening, 
lake place? too early and too intensively. This will happen much more 
quickly with strong action of light and warmth and when the water con- 
tent is less. Sanio’s’ statement that in East Prussia the glassiness of 
wheat is due to its becoming overripe on the stalk supports the theory of 
the predominance of the ripening process at a time when starch formation 
should be taking place. This opinion is analytically supported by R. Pott’s 
investigations^ who found on an average a higher percentage of ash in 
glassy varieties of wheat than in mealy kernels. The kernels, in the too 
rapid ripening,- had not completely consumed the mineral substances in 
forming organic substances. Compare here the high percentage of nitrogen 
in the grains of oats plants, which suffered from a scarcity of water or 
from its excess (see chapter, “Excess of Water”). 

Petri and Johannsen^ have made investigations which throw much 
light on the nature of glassy kernels. The former, as early as 1870, stated 
that glassy kernels, when softened by water, become mealy and the latter 
substantiated this observation. Two hundred kilos of barley were moistened 
with half that amount of water, until they had taken up 15 per cent. They 
were then dried immediately, spread and turned until the original weight 
was again obtained. The percentage of mealy kernels now was 50 per cent., 
while in the original material it amounted to only 19 per cent. In cultural 
experiments it was found that, in early seeding, a mealier barley, poorer in 
nitrogen, had been formed, while in later sowing the harvested producfwas 
richer in nitrogen. This discovery indicates that in this glassiness of the 
kernels there is only a mechanical difference, which develops if ripening is 
very much hastened by a scarcity of water with an excess of light and 
warmth. A gradual ripening process gives a longer time for developing an 
increased starch content with the retention of a larger water content in the 
substance which is later partially replaced by air. This refers especially to 
the protoplasm in the endosperm cells. The starch grains lie embedded in 
this. With quick ripening, the cytoplasm sticks close to the starch grains, 
making the kernels appear glassy. With slower ripening and greater water 
content the cell is more loosely constructed, while between the starch grains 
more cell sap and later more air are present, and then, because of the larger 
intercellular air spaces, the grain is opaque and mealy. As the protoplasm 
predominates, the tendency is toward j;lassiness, and on this accqjmt, even 
normally, the outer layers of the seed, as, for example, in maize, are glassy, 
the inner ones mealy. These conditions explain Schindler’s observations* 
that, in wheat grains, mealy and glassy portions can alternate. 

1 Botanisohes Centralbl., 1880, p. 810. 

2 Jahresbericht f. Agrlculturchemie 1870-72, II, p. $, 

* Johannsen, Bemerkungen fiber mehllge und glasige Gerste <UgesKrift Or 
Landsmaend), 1887, cit. Biederm, Centralbl., 1888, p. 561. 

* Schindler, Lebre vom Fflanzenbau aufdphysiolc^ischer Grundlage. WiOb 1800. 



Tlie abpre explanation of the production of glassiness is substantiated 
by th'e experimental results, which have been obtained by the Deutsche 
Landwittschafts-Gesellschaft'. The report states-: — The glassiness of the 
kernels depends more on the conditions of growth than on the variety. 
Varieties with a shorter vegetative period are glassier — such as Lupitzer, 
Strube’s bearded and Galician club wheat in comparison to Schlanstedter 
and Noe wheat. The productive power of the varieties in general stands 
in inverse relaton to the glassiness of the grains. 

4 . Continental and Marine Climates. 

The characteristic distinction of regions kifluenced by the ocean con- 
sists in the lesser fluctuation between summer and winter temperatures, — 
since the summers are longer and cooler, the winters warmer. We find that, 
under the influence of the Atlantic Ocean, spring comes earlier, ■ while au- 
tumn is delayed longer than in regions with a continental climate. Yet the 
effect on vegetation is not the one expected, in spite of the earlier spring, 
for the blossoming time of wooded plants is at most only a few weeks 
earlier, because of a cooler spring temperature and the ripening of the fruit 
is scarcely earlier, indeed, it is often delayed and occasionally does not take 
place at all. Consider, for example, grapes which do not ripen out of doors 
in England. Throughout the year, the air is more moist and in the change 
of season extensive heavy miSts often prevail. 

Haberlandt’s opinion has already been mentioned, according to which 
early maturity of plants may appear with the same ease in northern latitudes 
as in southern ones, and thus lead to the production of corresponding varie- 
ties. Conditions of humidity also act determinatively in this and all become 
evident in the great fluctuations in a continental climate in contrast to an 
uniformly damp coast climate. Haberlandt’s culture experiments* gave 
results as follows. Seed brought from damp climates gives proportionately 
more straw, bat less grain, — the grain is also more easily subject to lodging. 
On the other hand, in seed from dry regiotis, with a short spring and hot, 
dry summer, there is a production of less straw and greater grain crops, 
and plants from such seed better withstand drought. When exchan^g 
seed it is more advantageous to take it from countries with a continental 
climate. The hard winters influence the grain product in such a way that 
the plants produced are less apt to winter kill than those which have been 
transplanted to the East from the moister west with its milder climate. 

The continental climate produce* smaller but specifically heavier grain, 
Vjtdie a cool and damp summer or an artificial abundant .supply of water 
and food substances increases the size of the grain, to be sure, but at the 
same time ’causes more porous contents, since, instead of the glassy con- 

» Mitteilungen* der ^tzuchtstelle uber wichtlge Sortenverauche. ■ SaatUste 
:Vpm 9. Der, 1914. Deutaclle Landwirtsch.-Ges. . , „ . 

’ • Haberjandt, Fr., Ueber die Akkiimatisatlon und den Saraenwecnsel. Oesterr. 

' lanijhht; Woohenbl.,- 187B. No. 1. 
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dition, a mealy one appears, togethef with a decreasing specific weight and 
decreasing nitrogen content. 

Finally an important observation bearing on the exchange of seed is 
the fact that winter grain conning from regions above the' 45th parallel 
of latitude and cultivated by us in the spring, does not produce shoots, while 
on the other hand, that taken from lower latitudes behaved with us like 
summer grain. 

Because, of the great interest on all sides in the colonies, it is necessary 
to take tropical conditions into consideration. Here the differences of tem- 
perature on the land and between land and sea attain a greater significance. 
Thus, for example, Fesca’ reports, in regard to the great warming of the 
land in direct sunlight as compared with that of the sea, that th^ tempera- 
ture of the tropical ocean rarely exceeds go^C. while the rock is heated up 
to 60° to 70°C. Pechuet-Loesche observed a soil temperature above 75°C. 
on the west coast of Africa in the 5th parallel of south latitude, not less 
than 36 times between January 1st and March 4th. In contrast to this, 
however, stands the nightly cooling down to 15°C. and less. Daily fluctua- 
tions of the soil temperature from 30° to 40°C. are very frequent in the 
tropics while, on the other hand, the dally fluctuations of the sea might at 
most reach i°C. 

As a result of the differences in the morning quality of land and sea, 
a low barometric pressure must be produced on land in the day with the in- 
tensive sunlight, so that the air from the sea streams in that direction and, 
conversely at night. These sea and land breezes are considerably more in- 
tensive in the tropics and sub-tropics with the stronger contrasts in warm- 
ing land and water and form a factor to be reckoned with. According to 
Saito* the air above the sea is almost free from mould fungi, bacteria and 
yeast germs, while the air above the land (street and garden air in Tokyo 
was investigated) was especially rich in germs in wet and warm periods. 
Thus the sea breezes act as purifiers of the air. The sea breezes decrease 
towards the poles, since the sea gradually assumes a higher meafi heat than 
the land and also because the daily fluctuations of the soil are less. 

For the same reason the changing annual winds, the monsoons, corres- 
pond'to the periodic daily winds in the strong warming of the great conti- 
nents to which vegetation must adapt itself. 

The amount of precipitation occurring as rain depends also on the re- 
lation to the sea and the temperature and, accordingly, it is. most abundant 
in a warm sea climate, scantiest in a continental one. An annual mean of 
9°C, approximately holds for all the German North Sea coasts. With an 
80 per cent, saturation, the air would contain 7.26 g. water vapor in a cubic 
meter. If the air cools down to 4'C. it can hold only 6.9 g. water vapor per 
cubic meter gnd the difference musktherefore be eliminated as precipitation. 

1 Pflanzenbau in Tropen und Subtropen, pv 23. - 

2 Saito, Untersuebungen Uber die Atmospb^rlschen FllzKelme. Journ. College of 
Science, Tokyo. Vol. XVIII. 
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'If tropic air reaches 25'’C. with the same saturation (8o per cent.) it con- 
tains 18.4S g. water vapor and eliminates 1.18 g. water per cubic meter when 
cooldd down Jp 5'’C. This amount of precipitation therefore is more than 
three times that of air at g^C. when influenced by the same decrease in tem- 
perature on the North Sea coasts. Thus are explained the heavy tropic 
rains and especially the heavy fall of dew which, in places, must suffice for 
a certain period in hot climates as the only source of water. 

Just as in cultivation experiments, soil analyses and mearr temperature 
'%ffer no sufficient insight into a possible utilization of food substances on 
the ^rt of cultivated plants, just so little can the annual rain fall indicate 
the moisture conditions of a region. For it depends essentially upon the soil 
condition# and the distribution of the precipitation in the different months. 
Over a greater part of the desert of Sahara (see Fesca) the same or a greater 
amount of rain falls than that sufficient for Germany’s agriculture (60 cm.) 
without its having there any essential effect. For, on a highly heated soil, 
moisture exaporates immediately. The most desirable distribution of rain 
in the tropics is not the one extending uniformly throughout the whole year, 
but, viz., at the beginning of the vegetative period an abundant precipitation 
and then a time of dryness. The abundant clouds in the rainy season con- 
tribute essentially to the production of a cooler temperature which is es- 
pecially favorable for the development of the vegetative organs. 

' Along the coast the climate is cloudier than it is inland. In regions of 
great atmospheric dryness, as in the Mediterranean basin, often there is 
only 20 per cent, cloudiness as an annual average : in the dryest months often- 
only 10 per cent., — in the moist tropics not infrequently more than 80 per 
cent. Since, however, the cloudiness decreases the taking up and giving off 
of heat, tlje temperature of the lower latitudes is less and that of the higher, 
greater. Many cultivated plants require these lower temperatures and 
cloudiness. We believe, with Zimmerman', that many diseases in coffee plan- 
tations, especially the excepsive production of fruit, may be due to insuf- 
ficient shading. In the same way it may be that the great susceptibility to 
fungous diseases which has appeared in the last 15 years* since tea has been 
cultivated in the Caucasus, has been due in part to the difference of the 
Caucasian climate from that of the regions from which tea was introduced. 

The development of the plant body is of course adaptable to the climatic ■ 
conditiwis and factors of growth. The more recent biology takes these cir- 
cumstances into consideration as is shown by the work of Hansgirg*. He 
speaks of stenophyllus wind leaves (as in the willow type); of leather 
(fcoriaceous) and wind leaves (palm type) ; of xerophyllus leather leaves 
(Myrtus, Laurus), of dew leaf types (Bromeliaceae, Pandaneae) ; thick 

X — : f 

■ f y- Zimmermann, Sonderberichte fiber Land- und Forstwirtschaft in Deutsch- 
Oatalrika.-; Vol. I, Part 6. 1903, ■ ., . „ ^ . 

‘ ^Spd8chn6'n| Travaux du jardin bot. de Tiflis Vn, 1 Verhandl, d. Intsraat. 
la^flctsch. Congresses In Rom 1903. 

: ■ < Hans^rg» A., Phylloblologie nebst Uebersicht der biologlschen Blatttypen etc. 

Borntrager, 1903. 



. leaves (Crassula.and raesembryanthAaum types) etc. The most cpnspic^ 
uous example is the vegetation of the sea shore with its halophytic character. 
Brick’ explains the fleshy and glassy constitution of the vegetj^ive org&s as 
due to the abundance of sodium salts, which makes the parenchyma ex- 
tremely turgid. 

The greater the number of examples showing the adaptation of the 
plant to climatic conditions, the more marked will be the untenability of the 
theory, that {he climatic relations formed in each place of cultivation can be 
changed at will without causing injury. If the whole sum of the clima® 
factors should correspond in two widely separated localities this woi^d be 
no guarantee that the given plant would thrive as well in the new home 
as in the old, since the distribution of light, heat and moisture caAe proved 
to be very different in the different periods of growth. The diseases of the 
New Holland and Cape plants which, adapted to a dry climate, must pass 
their lives in our sunless, damp conservatories, give the most abundant 
proof. Decay of stem and root, dying of the twigs caused by Botrytis etc., 
constantly cause injuries to the successful cultivation of these plants. The 
so-called damping off of the sh9ots of Pimelea, Chorizema, Pulteneae, Cor- 
rea, Boronia, Agathosraa, and Borosma, of Helichrysum, Huraea etc., is a 
result of the great humidity in our conservatories which can not be over- 
come. 

5. Influence of Forests. 


The forestration of a locality modifies the influences of the position and 
soil constitution and to this point pathology must pay tespecial attention. 
The influence of forests is like thjt of surfaces of water,, for, since organic 
substances possess a higher .specific warmth than do mineral substances, the 
overgrown soil will be cooler, with an equal exposure to the sun, than the 
naked rock or sand. The summer heat is also moderated by for^ts. With 
the abundant evaporation of the foliage, the air becomes more moist, the 
thicker the growth and the less motion in the^air. Corresponding to the 
greater evaporation, there is a more abundant cloud formation over forests 
which is not so easily dispersed. Since the relative humidity of the air is 
greater in and above the forest, much more dew is formed. The force of the 
rain' gusts is decreased. Since torrential rains, especially on slopes, cannot 
be taken up as quickly, the mass of water runs off from the naked earth 
and at the same time carries away the fine humus from the higher fields to 
the lowlands. The annual repetition of this process so chadges the' condifions 
of the' fields that the higher places become impoverished and retaik only a 
slightly fertile soil skeleton, while on the low lands the humus layersikeep on 
growing. The power of the soil to retain water decreases with the loss xjf 
humus and injuries due to a, scarcity of water show themselves. |b heatiy 
soils the steady beating of the rain drops in spvere storms tends to form a 
crust. 

1 Brick, Beltrttge zur TBiologle und verglelchenden Anatomfe ker baltlsihen 
Strandpflanzen. Cit Bot. Jahreeb. 1888, I, p. 766. , , , ■ 
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these unfavorable conditions are overcome by the forest, the tops of 
ttettees catching the rain and partially retaining it. Nevertheless the water, 
passes ^rough and runs down along the trunks, is retained by the 
moss aad the dry leaves in deciduous forests, forming the upper surface of 
theaat.or the humus, thus beconing of benefit to the vegetation. Furst’s^ 
“UlMtriertes Forst- und Jagdlexikon” gives some positive figures on these 
theoretical discussions. Based on the observations of the forest meteorologi- 
cal stations) it is stated that the temperature of the air in the annual average 
is, possibly o.8°C. lower under the close roof of tree crowns of the forests, 
than in the open. The difference is greatest in summer (up to 3°C.) while 
it approximates the annual average in spring and autumn and almost dis- 
appears ip winter. “The fluctuations in temperature are less under the 
shelter of the tree crowns than in the open.” 

The temperature of the forest soil is from i to 3°C. lower at all seasons 
of the year than that of open land. The absolute moisture does not differ 
in the forest and in the open ; but, on account of the lower temperature, the 
relative moisture in the forest during the winter, spring and autumn is from 
4 to 8 per cent, higher than in the open, and in summer from 12 to 20 per 
cent. The evaporation from a free surface of water in the forest is from 
50 to 60 per cent, less than in the open; “the evaporation of the water from 
the soil is reduced from 80 to 90 per cent.” Of the precipitated moisture, 
10 to 50 per cent, will be retained by the crowns of the trees, according to 
the species, the age and dimensions of the forests as well as the amount of 
precipitation, and in light rains it often amounts to 100 per cent. In general 
60 to 80 per cent, reaches tlie soil in the forest. “In Central Europe 
the annual and the summer temperature, will be lowered 1° and 2° to 3°C. 
by the dimensions of the forest and the relative moisture raised ca. 5 per 
cent. and^S per cent.” 

Since the amount of the distant action from extended forestration has 
not yet been determined, the question as to the influence of the forest on 
climate must remain open. But one effect of the forest on the immediate 
vicinity cannot be denied and this phytopathologists must consider. • ’ 

Differences in- insolation are felt slightly in the forest, but very 
quickly and strongly in the open field. The soil is warmer ; the layers of the 
air lying above it must necessarily produce an equalizing air current which 
is most significant in spring when vegetation awakens. 

Hesselmann's" investigations give, an insight into forest vegetation. 
He observed the regular dying of the twigs which takes place within the 
crowns of the trees and found that in birch and mountain ash the leaves 
were still strongly active in assimilation; but in the hazle-nut markedly less 
sdi' If well-lighted branches die, phenomena of correlation are at fault, 
^rdes tvhich can live in shade develop distinct sun and shade leaves ; trees 


>. lUiMfelertes Forat-und Jasrdlexikon, 2nd. Ed., revtaed by Dr. Hermann FUrat, 

He^elSann^Sdrik, Xur Kenntnia des Pflanzedilebens schwedlsoher Laub- 
wtesen. Jena. Fischer, 1904. Git. Bot. Centralbl. v. Lotsy, 1904. No. 49. 
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which require light do not show this difference. ; The assimilation activity 
of the flora of the forest floor is very rapid in spring when the trees and 
trunks are still bare and decreases with the foliation more slowly in shade 
trees, because of their structure, until it'finally ceases entirely. The respira- 
tory intensity decreases with the decreased*“food consumption.” Detached 
shade leaves of Convallaria majalis etc., form more starch in the sun as yvell 
as in the shade than do sun leaves treated in exactly the same way and they 
also fix carbon dioxid more rapidly in the same amount of light than do 
these. Moreover in Convallaria the storage of starch was found to be less, 
the drier the soil. Equally large leaf surfaces containing palisade cells tran- 
spire much more strongly than do those leaves having the structure of shade 
leaves. 

It is evident, from these statements that changes of great importance 
must take place in the economy of trees accustomed to shade, when suddenly 
exposed to light, viz., when left standing by removing parts of forests. In 
parks too strong and sudden an exposure to light by the removal of num- 
erous trees not infrequently results in the partial or total death of the 
crowns of the specimens left standing. 

We must turn our attention to still another point. If plantations of 
fruit trees along streets on level land, especially cherries, be examined, many 
cases will be found will trunks split open on the south or southwest side, 
with the bark tom into tatters and often showing lumps of gum on the . 
wounded surfaces. These injuries are very evidently due to frost. The ex- 
planation lies in the fact that the level, cleared lands are exposed in spring 
to extreme temperatures. The February and March sun shining intensely 
on the trunks, and strengthened in its action by the reflection from the soil, 
starts the reserve plant food prematurely and the tissues, being richer in 
water and sugar, at once succumb to the action of the frost. A moister 
atmosphere in the neighborhood of water or wooded areas equalizes the 
temperature and serves as a protection from frost. 

Naturally in regions with greater soil elevations and more noticeable 
differences between valleys and mountains tljese factors co-operate determi- 
natively and often decisively, but on the pliins the forestration is a very 
considerable factor. Cutting considerable forest tracts on wide plains often 
is a source of injury avenged not only on the owner but on the whole neigh- 
borhood, since it increases the chance for damage from late frosts. In this 
connection many small forest tracts, scattered over a large plain, would be 
of use since no considerable distant action from one single large forest may 
be reckoned upon. There is a further advanta^ . to be derived from 
forests, — that of protectioti against the wind (windbreak) when there are 
no mountains. . * 

Just as every bright side has its shadow, forests can exert an injurious 
influence on the adjacent fields. The forest properly located can withhold 
the summer rains, usually coming from the west, from a given,;field so that 
there«will be dry, windless streaks across the fields in its immediatje^pfox- 
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Smity,^r, on the other hand, the forest may make streaks across the field 
accessible to rains and prevent the rapid drying oif pf the seeds. In the first 
case, the forest may become a harboring place for injurious insects. It has 
often been observed in the case of dwarf cicades that they begin their de- 
vastation of the fields 'from the dry edges of the forest. The more severe 
attacks of Puccinia, Ophiobolus and Leplosphaeria herpoirichoides serve as 
examples of the influence of moisture, near the border of the forest, upon 
fungous diseases. Goethe’s discoveries' as to the influence of ihe place of 
growth upon the canker of fruit trees, caused by Nectria ditissima, must 
be considered. The tendency to disease from canker is favored by an in- 
creased humidity as offered by higher regions or also by cold valley soils! 
“The trees show in such places a meagre growth and are covered with 
mosses and lichens. Similar conditions arc observed also near extensive 
forests, out of which cold, damp air streams even in the summer.” 

1 Goethe, Rudolph, ITeber den Krebs der Obstbaume. Berlin 1904. Paul Parey. 



CHAPTER II. 


UNFAVORABLE PHYSICAL CONSTITUTION OF THE SOIL, 


I. LIMITED SOIL MASS. 


Root Curvature. 

For practical agricultural and forestry purposes, the question as to the 
limitation of space in the soil plays a subordinate role when there is no 
scarcity of food stuffs, since disturbances in nutrition, arising from the 
overgrowth and rubbing of roots pressed tightly against one another, or by 
thbir growth in crevices of rocks, have no agricultural dgnificance. The 
matter is quite different, however, in gardening and the cultivation of house- 
plants by the plant lover. 

In these circles, however, opinions as to the influence of too small soil 
space on the spreading of the roots are divided. Predominant and also 
clearly expressed on the part of many agricultural chemists is the opjnion, 
that the mechancial effect on roots, closely pressed on 'one another and 
tangled by repeated curvature, has no influence on the thriving of tiie plaids. 
They think that in limited soil space only a scarcity of food may ever he 
involved which would make itself felt very quickly and coyld be corrected 
advantageously by fertilizing. The best proof should lie in the culfivation 
of the so-called “market varieties" by commercial growers in large cities, 
who, conforming to public taste, grow very vigorous specimens of all blos- 
soming plants (Fuchsias, Pelargoniums, Begonias, etc.) in relatively very 
small pots. 

The fact is correct, the explanation, however, inconclusive. 

The restriction of a large root mass in a small space results first m the 
increased production of lateral roots. This may be observed easily in water 
cultures. If one of the large roots reaches the bottom' of the glass container 
and its tip is forced to bencT around, new lateral roots are produced im- 
mediately. NolP has given special study to this. He found that on. the 
bent portions, of the main root, the lateral roots were formed only on tiie coivr 

■ I Noll, F., Ueber den bestlmmenden Einfluss, der WurxeUcrUmvmngen uuf 
, Engtstehung und Anordnung der Seitenwurzeln. lAodwirtscb, JatirbUcber XXDC 
a»«0). p. S61. . ■ _ . „ 
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vex surface, the concave surface remained free. This is true of both main 
and lateral roots and not only under mechanical influences, but also as a 
result, of geotropic and hydrotropic stimuli. Pollock* has pointed out, in 
this connection, that twisted roots contain more water in the cells of the 
convex side than in those of the concave side. 

Noll ascribes this growth of new lateral roots at the point of curvature 
to a perceptive power of the plant to the formal relations of its own body 
(Morphaesthesia). This expression may be accepted if by it is understood 
a mechanical transfer of material resulting from the stimulus of curvature 
on the affected tissues. The process is similar to the one occurring after 
direct injury when the cytoplasm has accumulated in the<ells adjacent to the 
wounded surface. Of course laterals are found also on concave parts of 
twisted roots, but, in such cases, the buds of the laterals were present before 
the twisting of the mother root had taken place. 

In trees grown in the open the development of lateral roots on the 
convex side can be of practical advantage, since the plant is thus more firmly 
anchored and extends over a greater area of soil containing food stuffs, 
where otherwise the root branches might not have penetrated. But where 
the whole root ball has only a definitely limited soil space at its disposal, as 
in potted plants, disadvantages arise which must find expression in the pro- 
duction of organic substances. We can perceive these disadvantages at 
once, if we observe more closely a pot said to be “root bound.” The greatest 
number of young roots have grown out towards the periphery and been so 
pressed against the porous sides of the flower pot, that many fibres are 
broken off when the pot is removed. Part of the root fibres have stuck fast 
like bands or membranes and have died. The latter circumstance is 
. especially apparent in palms and Dracaenae, in which the dead roots consist 
only of the stele and the outer bark, which has shivelled up like a papery 
covwing. 

Tlie straining of the roots toward the side of the pot may be attributed 
fo ^e peed of fccygen. Naturally this demand is less easily satisfied as the 
n^oik of roots fills the ball of earth more closely. To this must be added 
the secretions of the root itself. Czapek“ determined that these secretions 
may be ascertained in moist air as well as in water cultures. In air saturated 
with vapor they are frequently observed as drops on the root hairs, the re- 
splt of a strong internal pressure in the cells. 

Minimppi amounts of potassium, calcium, magnesia, sulfuric, hydro- 
cUotk Md phosphoric acids are eliminated. Potassium phosphate, causing 
thd well-known reddening of litmus paper, is somewhat more abundant, 
In tegard fo acids, Czapek found that the presence of lactic and acetic acids 
cppjd not be proved, but that,on the contrary, formic acid is found not in- 
firtS^iently in its potassium salt as a diffusion product of the living, youngest 

James, The mechanism of root curvature. Botan. Gas. CSiioago 
Lehre'von den Wurzelausscheldungen. Jahrb. tUr wise 
ToL 29. Part HI. 
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parts oi the roots. JE'btassitim oxalate was eliminated by hyacftith rdots. 
Carbon dioxid, however, must be considered primarily and causes the rock 
etchings, as it occurs dissolved either in the water of the root-hair cells or of . 
the soil interstices. Monopotassium phosphate and carbon dioxid among 
the root secr^ons must be especially considered. In pot cultures the latter 
is of especial importance. It is retained in the root balls in great quantities, 
the more thickly matted they are and the wetter they are kept by the grower. 
The production of carbon dioxid is greatly increased by the respiration of 
the soil micro-organisms which in their metabolism decompose the carbo- 
hydrates and other organic substances. For instance Stocklasa^ found 
alcohol, acetic acid and formic acid in forest soil and finally carbon dioxid 
and hydrogen. The hydrogen often unites with oxygen to form water. 
Lack of oxygen and the excess of carbon dioxid kill part of the roots and 
the. process is gradually evidenced when plants are grown in small pots, 
even if over-abundant foodstuffs be given them by fertilizing. However, if 
fertile earth alone is used, without subsequent additions of fertilizers, the 
roots, becoming thickly matted on the walls of the pot, do not touch the ball 
of earth actually as they develop on top of older roots. In such cases, they 
cannot further draw from the soil the food materials needed in growth. 

Early investigations by HellriegeF prove that excessively limited soil 
space in itself limits production. To perform these experiments many 
annual and perennial agricultural plants (barley, peas, buckwheat, clover, 
etc.) were sown in glass containers of different heights in as uniform gar- 
den soil as possible and were grown with an observance of all the precautions 
used in sand and water cultures. In order to prevent any question as to the 
exactness of the results obtained due to a different amount of soluble nutri- 
tive elements control experiments were made with an abundant addition of 
fertilizers, under otherwise similar conditions. The result wa§, that no 
difference in production whatever was shown in favor of the fertilized 
plants, that those not fertilized must tlius have foCind in the unfertilized 
garden soil all the nutritive substances tliat they needed for jjieir production. 
An indirect proof lay also in the results ‘of the experiments given by the 
rmfertilized plants when compared with one another. The yield rtiswed’ in 
fact, that clover in the first year had produced about as much diy material 
as the other varieties of plants. This did not prevent the' clover, however, 
from producing in the second year on the same soli a second crop and in 
fact a crop two or three times as great, and even in the third year if prpduced 
as much as in the first year. From this it is evident that the ticDOifflt of 
nutritive substances could not play a role in any of the experimental pots, 
since they were everywhere present in excess. \ , 

If now, however, the amount of dry substance increased with it* siae 
of the container, this result could be ascribed, only to the influence of the' 

r Stocklasa and Ernest, Ueber den Ursprungi die Menge und die Sadeutune 
des Koblendioxyda im Boded. Centralbl. I. Bakteriolo^ie etc. Section Ila^VoL XtV. 
Ifl05, p. 723. 

2 Hellriegel, BeitriLge zu den naturwlssensch^tlicben Grundlagen dcs Adcei?.*- 
baues. Braunschweig. Vleweg, 1883. pp. 184>224. 



volume of the soil. The plants under experiment stood in glass cylinders 
of the dimensions and contents given below, received steadily from 30 to 
60 per cent, of the water required by saturation of the soil and resulted 
with clover, as follows: 


Height of the Cylinder. 

I. 96 to 99 cm. 

II. 65 to 67 cm. 

III. 34 to 35 cm. 

IV. 18.0 cm. 


Diamet^ in the Clear. 

14 cm. 

14 cm. 

14 .cm, 

14 cm. 


Earth content. 

Air dry. Absolutely dry. 

19.SPO. g- 18,600 g. 

13.0# g- 12,400 g. 

6,500 g. 6,200 g. 

3,250 g. 3,100 g. 


Harvested dry substances, 
in the years 1872, 1873, 1874. 

417.2 g. with 6.92 per cent, pure ash 

254.6 g. " 6.97 '' - 

173-0 g- “ . 8-o8 " “ “ “ 

76.8 g. “ 8.45 “ “ “ “ 


Since, in the containers with a very large soil volume, too great a con- 
solidation, therefore somewhat abnormal conditions for some plants, has 
appeared, because of the sudden addition at first of great amounts of water 
saturating the soil to 60 per cent, of its water capacity, Hellriegel, in his 
harvest tables, explained especially the results for the sizes III and IV. 
From this it appeared that, with peas, an amount of soil of 
3,100 g, gave on the average, 29.97 in dry substances. 

6,200 g. " “ “ “ 47-94 " “ 


For peas, therefore, the proportion of the soil was 1:2. 

“ “ “ “ “ “ “ harvest was 1 :i.6. 

For beans, therefore, the proportion of the soil was 1.2. 

“ " " “ “ “ “ harvest was 1:1.8. 

In 1872, exactly the same proportions in harvest results were found for 
barley as for beans. We omit here the repetition of the figures, since those 
cited show clearly enough that, in two equally wide, but unequally tall ves- 
sels, both containing nutritive substances in excess, and steadily receiving 
the favBrable amount of water, the harvest came out as i :i.6 up to 1.8, if 
the amounts of soil bore the proportions of i '.2. Thus a strikingly evident 
influence of thh soil volume may be confirmed and the question now is, how 
this influence may be explained. 

* Hellriegel found that the height of the yield stood in inverse ratio to the 
amount of the mechanical resistance, which opposes the development of the 
rootmetwbrk of the plants under experiment. 

* If commercial growers get apparently opposite results and .find that 
the growth in small pots is great and quick, the explanation lies in the fact 
that they use a very rich earth and highly concentrated solutions are present 
in the soil. Comparative measurements showed, however, that the root 
development in rich nutrient solutions is essentially shorter than in weakly 
OOncentratcd ones. Hence the demand of the root fibre is actually smaller. 
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However, in the same length of time, the root makes a stronger growth when 
kept unfler glass, or in hot beds, than wherp the plalits are in the open)*— 
for these glass cases all have bottom heat. Finally, the aerial axis finds itself 
under conditions making possible an especially rapid and abundant develop- 
ment. The atmosphere rich in water vapor and carbon dioxid develops tiie 
largest individual cells possible with comparatively little transpiration, 
hence, the turgid and significant large size of the foliage; Therefore, in 
garden cultures in small pots, the root is better and earlier formed and' 
utilized, so that the injuries duf tQ root curvature and bruising make them-' 
selves first felt at a time when the aerial axis has already made a consider- 
able growth. That growers, however, clearly recognize the disadvantage of 
small pots and, when possible, do without them is evident from the so-called' , 
“feeding cultures" (forcing). Imthis the specimens are shifted into^rger 
pots as the root branches penetrate to the sides of the pot. 

Dwarf-growth (Nanism). 

The dwarf conifers found in trade under the name “Japanese or 
Chinese Trees of Life” show an interesting effect of the influence of a 
limited soil space. The figure on the next page illustrates a living specimen . 
which has been classified byffhe well-known firm J. C. Schmidt (Berlin) as 
Thuja obtusa and kindly placed at our disposal. The tree, with the*pot, is 
86 cm. high in all, — and 6o cm. high above the soil. At its greatest width 
the crown is 8o cm. across. The base of the trunk, divided into several pro- 
truding ridges, has a diameter of 19 cm., the trunk at the height of the 
crown, where the branches appear, one of 12 cm. This healthy specimen, 
with a dense crown, whose age is estimated to be 100 years, cost $87^.56, 

In literature, notes may often be found .referring to the skill of the 
Japanese and Chinese in growing dwarf specimens of trees, hundreds of 
years old for table-decoration'. • 

Our examination of the trunk from a dead tree destroys the haro of 
the miraculous, with which these productions of Japanese and Chinese hor- 
ticulture have been surrounded. A section 8 cm. long and 6 cm. at its 
widest diameter showed most excentric annual rings. The distance of the 
pith from the bark amounted to 1.5 cm. at one side of the trunk' and to 6.5 
cm. at the other. Counting with a magnifying glass showed 50 annual rings 
on the wider, but only 15 on the narrdwer side. On the side favored growth, 
a great variation in the breadth of the annual 'rings was^iotioSaSte. Four 

. f' ' 

1 In an article on “dwarf growth in the vegetable kingdom,”* druljie quotes a . 
report by Sir Qeo. Staunton, from “des Gralen McCartney Oesandtschaftpr^lse nach 
China,” Berlin 1798. Staunton sow in Ting-hai, spruces, oaks arid c^nge 
none of ^ich were more than 2 feet high adtt on which fruit had set. 

At the base of the trunk the soil was ^vered with layers of stones vsfttbbreft'SAd 
covered with moss giving the pots the appearance of great c^e. 

China, there is a great liking for these artificial plant dwarfs fm* we thtfiR. 
as a rule, in every house of any pretention whatever.” It is th^ further-’ iEVlstCid 
that the “liliputian” trees were propagated by binding loam or gajrden' 
dlflterent branches. This was kept moist until the branches developed ne^ftidtAin 
the earth bal\; they wSe then cut off. We still use this process in ^ 

branches or top shoots and the covering of the cut places with mosk. pl^ 
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could be distinguished.' Each of these ended with very slender rings'^ 
tracheids of which had especially narrow lumina and had become 
browned through resinosis. Otherwise the wood wa*. healthy. In its dimen- 
sions the bark corresponds to the section, — i. e., on the side of the itarrower 
tings, it was 1.5 mm. thick, on the other side 4 mm. On the narrower side, 
a depression was found, in which a scantier development of the wood had 
been equalized by a thicker formation of bark,— up to 5 mm. There was 
shown here a tendency to loosen the individual bark scales between the flat 
cork layers resembling full cork. 



Fi#. 15. Dwarf specimen of Thuja obtusa, 80 cm. high and 80 cm. wide. (Orig.) 

V ’the base of the trunk may he seen the division of the aerial axis 
into a number of root branches projecting above the pot. 

Thus the statements as to the great age of the trees are seen to be 
cA’i^COus, pi'hes^ cannot be more than some thirty years old and their dwarf 
growth, in our opinion, can be obtained by keeping the plants in the v6ry 


ill China, because it had been observed that an artificially produced 
OTrAiliC .dharucter is hereditary. When the tendency has become hereditary it is 
in the new individual by turning down the end bud of the main shoot 
it with wire in another direction. “If it is desired to give the, dwarf 
the -appearance of an old, already half dead tree, the trunk is often covered 
to attract ants and these, after they hav-e eaten the sweet, immediately 
the -bark, giving it thereby *a brownish, half -weathered appearance/' 

- Mn*t ^escribes the Japanese process which is somewhat different. They call 
or *'Nani»ation” “Tsukurimono.'* This expression Is not used in the 
byideta*** According to Rein, the dwarf growth is secured by choosing 
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smallest pots until they are root-bound ; then transplanting into a large pot, in 
which the root crown is raised up above the pot in order that the root ball 
may" have full benefit ftpm the soil. After the year of transplantation, wide 
annual rings are produced at first, which become narrower as the plant be- 
comes root-bound until the growth has become very slight and the last- 
annual ring formed is made up of a few, browned autumn-wood tracheids. 
In this way the stilt-like trunk bases, borne on the freely exposed root 
branches, are produced. The crown is probably kept thick by a light cutting 
back of the tips of the branches, obtaining thereby a greater ramification. 
In the same way the root balls might have been pruned at each transplanting. 
We conclude from the porous places filled with full-cork, which occur 
scattered in the bark, that the trees have been kept wet. At any rate we 
would have no difficulty in growing trees in such decorative dwarf forms 
from the genera Thuja, Thujopsis, Biota, Cupressus and similar ones by 
limiting the soil content. 

A corresponding treatment is recommended here and there for de- 
ciduous trees and plants. In forcing woody blossoming plants it is desirable 
to have for sale small specimens as full of bloom as possible. To attain 
this end, the bushes are planted in small pots, cut back and kept until spring, 
as long as possible, in cool dark cellars in order to retard the growth beyond 
the natural time of awakening. Ice cellars serve best in this connection. 
When vegetation has advanced considerably out of doors the plants are 
brought out. They now find a very different combination of vegetative 
Jactors for the maturing of their growth. Instead of moist spring air, a 
comparatively slight warmth of the sun and long, cool nights, the plant finds 
dry, bright, long days with little precipitation. As a result the branches re- 
main short and the eyes easily develop blossom buds. 

It will not be out of place to call attention to the fact, that in keeping 
the bushes in warm cellars, an c^iposite result is obtained, — namely, abso- 
lute unfitness for forcing. The warm, dark place where they are kept pro- 
duces deformed, very premature shoots, which, when brought at last into 
the open air, either dry up or gradually and slowly lengtheff to whip-like, 
blossomless wands. The stored-up material has been wasted in the cellar 
in forming the deformed shoots. 


especially small seeds from under-developed plants. These little trees are pruned 
and transplanted frequently into as small pots as possible. The cross-sect^n 
described above in the text shows this. Further, the trunl» and^branches we 
twisted and bent toward the horizontal. It is said that the rgpt is cool^. 
Among varieties of plants used especially In Japan for the gro^h of dvai^s. are 
mentioned the tov varieties of Acer pslmatum, which are huddled, ‘‘greffp par 
approache.” Further Pinus msMonisna and P, densiflo|^, Podoqarpuf 
Sciadopytis vertieillata. Among fruit trees the Kak! plum. Diospyroa KaM, is 
suitable for this, the Mume-plura. Prunus Mume and Sakura, Prunus PMUdc^NHHis, 
as well as Amygdalus Persica. Araon^ decorative plaints are 'mintioued Ev6n>m(His. 
Japonica and the bamboo. 


* “Zwergblldunir im Pflanzenreich” Gartcnwelt, 1904, No. 49. 

♦♦ Jleln, J. J., Japan nach Reisen und Studlen. Leipz^, Engelmann. Vol. JI., 
p. 815. 

*** Ideta Arata, Lehrbuch der PflanzenkiunkheUeh in Japan. 3rd Ed. .. Tokio, 
ShSkwabC, 1903. 
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The most frequent occurrence is dwarfing due. to scarcity of water. 
Like every other organism, the plant has the ability of adjusting itself wi&- 
hl wide limits to different conditions. An individual, accustomed from its 
youth up, to a very scanty amount of water, can pull through with half the 
amount of water used by a plant of the same species and variety, which had 
developed with excessive water. Naturally the structure of the whole in- 
dividual is adapted to these conditions. More thorough investigations have 
been made with barley', which was cultivated with a varied water content 
in the soil (10,40, and 60 per cent, of the soil’s capacity for absorbing water). 
The most favorable water content for growth might be found possibly be- 
tween 50 and 60 per cent, of saturation. 

In the experiment it was shown that the plant even with only 10 per 
cent, of water had regulated its organization. Little leaf and root substance 
had absolutely been formed, but the proportion between grain and straw 
was normal; therefore about as much dry substance in the form of grain 
as in the form of straw. With the same amount of food in the soil, the dry 
substance increased as the roots obtained additional water. With too 
much water, i. e., more than 60 per cent, saturation, very little dry substance 


was produced absolutely and this small amount was worthless since the pro- 
portion between straw and grain was changed, — to the detriment of the 
latter. Measurement of the leaves showed that the grains grew longer and 
wider, when water was supplied regularly and more abundantly. These 
larger leaves, found with a greater water supply, are due partly to the in- 
creased number of cells, partly to their greater distention. If the individual 
cells of the upper epidermis are larger, it may be assumed from the very 
beginning, that the respiratory apparatus (the stomatal cells) will share in 
the greater stretching of the upper epidermal cells and will also appear to be 
the more widely separated thereby. Direct measurement confirmed this 
assuiiy>tion, so that therefore for each square centimetre of a leaf grown 
with abundant water, fewer but larger stomata will be found, than when 
plants are grown with a scarcity of soil water. H. Mdller has determined 
by experiments’ that plants dwarfed by lack of water (Nanism) are 
structurally different from plants whose dwarfishness is due to a scarcity 
of mineral substances in too weak solutions. In the latter the narrower 
leaves ire probably not due to narrower cells, resulting from water scarcity, 
but to: » smaller number of cells, since measurements show the same cell 
breadtih ind the same size of the stomata in plants from a satisfactory nutn- 
ent solution aqd* from an insufficiently concentrated one. These difference 
are easily explained. When the mineral substances are insufficient the cell 
iit^rtase will suffer^jnly from water scarcity. The cells are less distended. 
Aa'sliown by some of Moller’s experiments with Bromus mollis, this nanism 
is Aqtliereditary, since specimens of huge size can be grown from t e see 

' t Borauer, Blnflgis der Wasserzufahr auf die Ausbildung der Gerstenpflanze. 

zar Kenntnis der Verzwergung (Naniamus), Landwiirt- 
JahrbQcher Ton Thiel. 1883, p. I67ji 
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of dwarf plants. Yet, with equal vegetative conditions, seed from normal 
plants produces more vigorous specimens than that from dwarfed plants. -• 

The case of nanism due to scarcity of nutritive substances, which 
Moller stu 4 ied, is not rare in sandy soils. The lack of nitrogen plays the 
chief part here. This nanism is usually characterized by the fact that, be- 
sides the general reduction, the relations of the separately produced organs 
have been changed. In proportion to the whole growth, the root undergoes 
a greater distention ; but the sex organs suffer a greater retrogression. The 
number of blossom eyes is very small. Instead of a cluster or a head, there 
is often only a single blossom. Where a greater number of blossoms are 
formed single seeds develop which can germinate. It is easy to understand 
that the leaf-forms are simplified. 

In discussing dwarf growth, the phenomena of bud variation be 
considered. These have no connection witli soil conditions or other external 
vegetative factors. The form of growth up to this time is so changed by 
some impulse or stimulus, acting temporarily or persistently, that the organic 
substance is used up in the form of more numerous, shorter, usually thicker, 
short-leaved branches instead of fewer slender, large-leaved ones, in this 
way producing witches-brooms. In many cases the incitement to such a 
changed direction of growth may be found in parasitic attacks. The fungus 
genus Taphrina (Exoascus) especially irritates the branches of various 
deciduous trees resulting in the formation of witches-brooms (see Volume 
II, page 179). In other cases we find rust fungi or mites of the genus 
Phytoptus. Besides these forms due to parasites, however, some surely 
exist in which other organisms are not active. We find especially in her- 
baceous, quickly growing plants (Campanula, Pelargonium) the oc'curreniie 
of a bud disease (Polycladia) as a correlation-phenomenon. 

In sickness or loss of blossoming branches, small fleshy bunches are 
formed, at times, at the base of the stem, made up of closely set bud-eyes, 
sojpe of which grow out into sickly branches. In diseased thickets grovyth 
is often exhausted by a continued neyv formation of short branches, because 
the blossoming axes no longer lengthen, but stop growing and turn yellow. 
In Calluna vulgaris, instead of long blossoming branches, we find blosscqpless 
bunches of twigs, pyramidal in form, which might also be called asitdies- 
brooms. • 

In other cases polycladia and bushy forms are produceo oy metneveiop- 
ment of normally formed but still dormant lateral eyes. When; the’ buds of 
the tips have been injured. This takes place when wild groWH^'&oke out 
cultivated ones. In conifers, the heart buds grow out and fonS'bti^y 
crowns, which are called “rosette-growths.” The so-called "f 
due to injury to beeches, alders, etc., from the grazing of caftle, are Mi^larty 
explained. 

Pure hud variations are numerous. In them tne growtn in teugui or 
the individual branches is restricted without any recognizable dlmt, r^iltt 
jug in a greater and more rapid development of lateml. brandies, A®*!?® 
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the actual forms of witches-broom, the tendency at ppsent is to place under 
tilis head of bud variation the numerous spherical bushes of the spruce 
witches-broom'. The greatest number of examples is furnished by the 
many cultivated plants of our gardens in the so-called globe forms of coni- 
fers and in the dwarf forms of blossoming bushes. In the short-lived sum- 
mer plants (Ageratum, Zinnia, Tagetes, etc.) we find that the dwarf growth 
can become an hereditary peculiarity, persistent in the seed. 

Too Thick Seeding. 

A limitation of the soil space and a struggle for water and nutritive 
subsftnces is always produced by too thick seeding. The struggle of the 
plants with one another for their food appears earliest and sharpest in sandy 
soils. Besides the dwarfing of individual specimens, the weakening of repro- 
duction deserves especial consideration. This becomes evident not only in 
the decrease of the blossoms, but also in the change in their character and 
becomes especially perceptible in horticulture, because staminate blossoms 
are produced predominantly. The unavoidable scarcity of nitrogen is also 
a factor. The greater the amount of nitrogen supplied, the more abundant 
the meristem, rich in cytoplasm. 

Hoffmann' gives the results of many cultural experiments in pots and ' 
ofien ground, to determine the influence of too thick seeding for different 
plants. In this, for every loo pistillate blossoms there developed the follow- 
ing number of staminate ones ; — 


With a more scat- 

In With Too Thick Seeding, tered position of 

the plants. 

Cychnis diurna 233 125 

" " 200 77 

“ vespertina . . . ^ 150 73 

Mercuricdis annua 100 90 

Rufnex Acetosella C.... 152 81 

"Spinacia oleracea (average of 

several sowings) 283 76 


In Cannabis his results were contradictory, which may be explained by 
a c^sidepation of Fisch’s statement that the proportion of the sexes in 
heihp is already determined in the seed,— that, therefore, external in- 
fluaices,"^ bring about no further changes. Belhomrae maintains that the 
fortn of the hemp seeds admits of conclusions as to the sex of the future 
plant,, sinc^dhe longer or the more spherical fonn, as in bird’s eggs, indicates 
a staminate or a pistillate individual. 

; Sine^he phenomena appearing with too thick seeding may be traced 
■essentially to scarcity of food substances, further examples will be pit^ 
'"irtten tlsf scarcity of nitrogen is discussed. 

? Tubeaf arid SchrSter, Naturwissensch. Zeitschr. f. Land- u Forstwlrtechaft 

■ j^otoann, H., U«ber SexuaJtmt. Bot Zeitung. 1885. I*- 

k'yiich; Her. der Deutsch. Bot Gesellsch. 1887. Vol. 5. Part 3. 
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2 . UNSUITABLE SOIL STRUCTURE. 


a. Light Soils. 

Disadvantages of Sandv Soils. 

The way in which the individual soil particles are related to one another, 
is termed the structural condition. If the constituents of the soil are simply 
laid one above the other in separate grains we speak of a separate granular 
structure. In soils under cultivation, however, the individual soil particles 
are found united into different kinds of aggregates, called a friable strufture. 
While, in the first case, each soil grain has a homogenous constitution, the 
soil grains in the second case are porous and not homogenous, therefore 
can be more easily transformed. The content in soluble salts, the activity 
of the animal world in the soil and the action of plant roots and their se- 
cretions, as well as the physical processes of working the soil, determine the 
formation of a friable structure. The amount of space between the indi- 
vidual grains will vary according to their size and arrangement. Ramann 
calculates the porosity volume of equally large soil particles, according to 
whether the particles are arranged regularly in rows on top of one another 
or between one another, as fluctuating between 47.64 per cent, (greatest 
porosity) and 25.95 cent, of the whole volume (closest stratification)*. 

While in the friable structure, because of the different individual par- 
ticles, a continuous change in size and arrangement takes place, due to me- 
chanical and chemical influences, in the separate granules, most distinct in 
stony and gravelly soils, the physical relation is more regular and therefore 
more significant. 

We have already spoken of the influence of actual sandy soils and the 
changes which roots can experience when growing ifi cracks in rocks. The 
injuries to vegetation, which are caused by too loose a structure of stony 
soil at the disposal of the root, seem lessened when the blocks of stone are 
weathered to rubble. Fine, earthy jftirticles are produced, especially when 
the stones are easily decomposed (ipany granites. Gneiss, Syenite, etc.) af- 
fording the roots more abundant food and firmer support. Next to the ^at 
possibility of being rapidly heated through, the factor acting most injuriously 
is great dryness, which prevents a decomposition of organic substances lead- 
ing to the formation of humus; this, under certain circumstances, forms 
moors. Forestry in mountains must take such conditions into account. Scfndy 
soils come under consideration for field cultures on the^Jevel. As sotm tls 
these possess greater admixtures of clayey substances (loamy sand} cat of 
humus, they form most productive soils and therefore find in this discussion 
no further consideration. Sandy soil is unfavorable for cultivaUtm only 
when the sand is truly quartz sand and is either pure or fl present in a veiy 
high per cent. (70 to 90 per cent.) 

I^ann, Bodenkunde, 2nd. Ed., p. 222. Berlin, J. Springer, 1906. 



149 


In such cases, the slight absorptive capacity should be mentioned first 
of all as a hinderance to cultivation. The diseases caused by scarcity of 
water and food substances are pre-eminently pepuliar to sandy soil. The 
more clayey and humus admixtures present, the more the danger disappears, 
in so far as it is not brought about again in another way by the washing 
away .of considerable amounts of easily soluble mineral substances. 

, Such an erosion takes place much the more quickly when the decom- 
position of organic substances, which occurs easily under the influence of 
warming and aeration, is increased by other conditions. On this account 
one must be especially careful in removing forests and litter. In deep, sandy 
soils, the removahof the litter holding its moisture is disadvantageous since 
the organic substances present are but very little decomposed by atmospheric 
influences and bacteria, and accumulate as raw-humus, which can finally 
give rise to the formation of meadow ore. According to Ramann, in lower 
position^ the deposition of raw-humus gradually leads to complete marshi- 
ness, as in the large moors of North Germany, which almost without excep- 
tion have originated from land which at one time was covered by forests. 
The humus is beneficial only when mixed with sand, since the friability of 
the soil and its water content is increased and its capacity for heating re- 
duced. 

This capacity for heating and giving off heat of sandy soils is an 
essentially harmful quality. Pure sand possesses the greatest capacity for 
■giving off heat and consequently the greatest capacity for becoming wet 
with dew. The process of taking up and giving off heat decreases as the 
sand is finer grained and whiter. Sand of the latter kind, for example, is 
that rich in calcium, while, of colored sands, the ones rich in iron hydroxid 
are very warm and cool off slowly, behaving therefore like sand mixed with 
Soifie clay. 

Associated with the great fluctuations in temperature peculiar to sand 
is the poor capacity for conducting warmth. As a result of difficult equali- 
zation its subsoil has a more even temperature, since it is warmer in winter 
and cooler in summer than under more binding soil coverings. The danger 
fro^ frost is increasedly greater and more injurious. The rapid warming 
in spring .days forces vegetation prematurely and the great drop in tem- 
peratjire at night is injurious, while the plant would be uninjured if it 
started later ip a soil containing water and rich in clay. 

The sandy soils of fine constitution and slight coherence present the 
grei^te&t'possibititie's for injury to crops. The injurious effects of drifting 
sand are sho*h in the sand dunes. Even if the dunes reduce the severity of 
4e sharp sea winds for plants near the coasts, they are nevertheless injurious 
since they advance further and further inland, covering all plants. The 
iaatoity ''of ’the land breeze to blow back during the night the sand which 

sea biseeze has swept over the land by day is due to the fact that the land 
is heavily laden with dew and tends to compact ffie sand ^am. If. 
tlae'danger of being covered with sand threatens and artificial proteftiOn is 



too expensive, one must try to bind the movable sand hills by Some natiir^ i 
method. Sand grasses are here most valuable, since, by the rapid root de- : 
velopment of the nodes of the buried stolens, they constantly advance over 
the upper surface and bind it together. Arundo arenarta, L. and Elymus 
arenarius L. are most frequently used. Besides these, Arundo baltica 
Schrad, and Carex arenarta L. should be recommended, and, with sufficient 
moisture, even our quack grasses as well. Among the dicotyledons, Hip- 
pophae rhamnoidfs, L. is very good. Depending upon the admixtures in sandy ^ 
soil, experiments may be attempted with Sdix arenarta L., Lycium bar- 
barutn, L., Ulex europaeus L. and the lime-loving Genista species. 

No matter whether we are concerned with sandy sbil in the interior, 
as in the Mark Brandenburg, Oldenburg and Hanover, or with the sand of 
dunes, the first planting must always take place with the idea of binding the 
sand with low, rapid growing vegetation. Where nature, in the course of 
years, has spread out a thin vegetative covering, this should be protected by 
every possible means, since, in it, we have a basis which cannot be valued 
highly enough for the ultimate aim of all cultural endeavors, viz., to obtain 
a protective forest. Even if the vegetation is ever so thin, it still restrains 
the sand and makes the planting with young conifers possible. With their 
deeply growing roots they are better satisfied with poor nutritive conditions. 
In the beginning attention should be paid to the production of a bushy 
growth and only later extended inland to the cultivation of tree forms. At 
the sea shore, on all woody plants, a great many branches will always be ^ 
found which have been killed back by the action of the wind. The mo|](' 
important cultural method is to leave these dead branches on the plonis. 
They break the force of the sea wind and form a natural protection, keej^g 
the foliage alive. 

Lowering of the Ground Water Level. 

The building of canals and the regulation of rivers tend to low^r the 
water level in sandy soils and act most disasterously on plant growfh. In 
contrast to the “soil moisture” of the upper masses, the ground water 
trickles down in the depths, collecting on the impervious soil layers and 
forming the reserve supply for roots in times of continued drougjit. 

In regions like the Alpine provinces and the Bavarian plateau, whiiffi 
have a high absolute amount of precipitation and smaller evaporaticm,, die 
fluctuations of the ground water level controlled by the annual precipiil^||^ 
are of scant significance for vegetation. In regions, howevpr, with'sewty 
absolute amounts of precipitation, and great evaporation, wh^te the annufi 
fluctuations of the ground water level depend on the amount of evdporatioi, 
as, for example, on the flat lands of Northern Germany, and where the f6g- 
ular slope of the ground water curve indicates a gradual flowing „avir!^ 
through springs and rivers (see Ramann loc. cit. 275) a lowering of- the 
water level by canals and rivers will have the most serious isfluenct. "'''ffi.e 
soil dries out v^ry greatly towards the autumn and vegetation 



E '* i^nt^ tfie watet of capillarity. This becomes scantier and scantier, the 
Wier and coarser grained the soil. Without the supplemental ground 
^Ster tree growth cannot persist. 

,, , If, in the course of years, the level of the ground water fluctuates a 
^If metre in average height the plant growth will adjust itself to the change 
when an equilibrium has been reached. Both the water content and the 
water requirement of plants are correlated with the soil moisture, as Hedg- 
cock’s' compasntive cultures in quartz sand, loam, salt soil, •humus, etc., 
show. 

Root activity depends also on the water content of soil and plant and 
diis activity is by no means passive but, as Sachs“ and more especially 
Molisch® have shown, is essentially active because the secretions of the rocsf* 
decompose the inorganic arid organic substances in the soil. The last named 
investigator calls attention, in this connection, to the circumstance that im- 
.injured roots, in contact with a dilute solution of potassium permanganate, 
become covered with a precipitate of brown stone, removing the oxygen 
from the solution. The experiment is unsuccessful with stems and leaves. 
With easily oxidizable bodies, as, for instance, guaiacum, pyrogallic acid and 
humus, the root secretion acts as an oxidizer. A guaiac emulsion is turned 
blue by it. Molisch considered the root secretion to be a self-oxidizer by 
passive molecular oxygen, thereby making the oxygen active and bringing 
about the oxidation of substances which are readily oxidized. In the 
presence of tannic substances (pyrogallic acid, gallic acid, tannin,) which 
are more easily oxidized than the guaiacum, the blue color does not appear. 
?in the same way it is absent in the presence of rapidly oxidized humus sub- 
4a»ces: When absolutely uninjured roots were dipped into dilute cane 
solutions, a reducing sugar became evident after some hoursr— probably 
th|l transversion is caused by a root-ferment. Starch paste, put on ^e 
gn^ing roots of seedlings, did not give the starch reacKon after a few hours, 
but was turned a reddish violet by iodine. The starch on touching the 
rdofi'' had been changed to erythro-dextrin and was soluble, passing over 
into fte reducing sugar. 

' 'Ae root secretions, perceptible on the tips of the root, hairs, not only 
imprecate the membranes of the cells but can.pass in the form of drops 
into riie deeper tissue of the roots when much water is supplied and trans- 
piration reduce^. They can erode minerals with their acids (they turn blue 
■ red) and decompose organic substances. This action of the roots 
es less with increasing dryness. Roots, accustomed to a wet place, 
^^i^.ght mto a dry one, do not absorb as energetically even after water 
su^ied, if the plant has been wilted, as if it had not been wilted. 
■^^i^6«ack thinks that the root hairs actually die. 


Tt.Anv.ok a G The relation of the Water Content of the Soil to cer^ 
?:Sf^t^icS’sw?erot Nebraska. VI, Studies In the Vegetation of % 
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The production of carbon dioxid forms a measure of die eiiergy ptef 
duced by a root in raising water, boring into the soil and other life-functi«miP 
Kossowitsch has furnished qifantitative determinations on this point^. Hie 
found that mustard plants in water cultures assimilated about three times 
as much carbon for the life processes of their roots, as was necessary for 
the formation of the roots themselves. 


The strength of the root activity, especially in lifting water, might de- 
pend also on th^ differences in temperature between the atmosphere and 
the soil. The greater this difference, the more energetic the work done. 
MacDougal’s“ experiments in the New York Botanical Gardens prove how 
great such differences may be. He found in June, that the soil temperature 
at a depth of 30 cm. was at times 20°C. lower than that of the air. Naturally 
the water content of the soil here becomes a decisive factor and the differ- 
ences decrease as the soil becomes drier and more accessible to the air. The 
moisture holding capacity and, in sandy soils, the amount of production .will, 
depend, in the same soil, on its granular structure and will be the greater as 
the sand is finer grained. Livingston and Jensen’ experimented on this 
subject. They cultivated different plant species under similar conditions, in 
soils which contained admixtures of different sized quartz grains in the 
different experimental series. It was shown that the best growth always 
occurred where the quartz sand was very fine. 

By means of the above observations we get an insight into -the distur-r 
bances which must take place, in the activity of the roots, if the water supply 
of a region is less, because the ground water level has been lowered. An 
old tract of trees survives, because part of the deep growing roots reach 
the ground water level and are able to compensate the loss by ev^ioratidn 
of the tree crowns, when the soil water is reduced to a minimum duruig 
periods of extended dryness. The roots lying in the earth, permeated by the 
ground water, are adapted to these conditions. When these roots are pSr- 
raanently exposed to drought they are destroyed or iunction feebly.-*' Not 
only the economy of the tree suffers from the insufficient water and.lfood 
supply, but even the soil itself, since, entirely aside from the paraf^is of 
bacterial activity, the secreting ability of root hairs and tips affectfflg the 
decomposition of the soil also ceases. The soil becomes "ieoi"' 
trees begin to show dead branches in the periphery of their crowns. vSince 
parasites settle on dying parts completing the destruction' of|^ ttSsiie*i 
this blight of the tree tops is explained in the majority of cases alia thtrely 
parasitic disease and treated as such. .. 


I Kossowitsch, F., Die quantitative Bestiminung der tUo ’’ Wdsi 

Pflanzenwurzeln w^hrend Ihper Bntwicklung ausgeschieden •wi^ (Buss. Journal f. 
experira, Landwirtschatt, 1904, Vol. V, cit Centralbl. t Agrlkulturolwoil*. IMS, 
Part 6, p. 367). 

a MacDougal, D., Soii Temperatures and VegetatiOB. Bepr. Mtarthly WsMheb 
Review for August 1903, cit Just, Bot Jahresb 1*03, n, p, 5S7. 

» Livingston, B., and Jensen, G., An Rzperiment on tta Ridatiph bf €W> 
to Plant Growth. Bot Gaz. Vol. XXJCVm, ctt Bot Centralbl. je«4, Ko. t«, p. t%ti 



The Dying of Aldess. 

■ ’ Alders are most sensitive to a lowering of the ground water level and it- 
is easy to find diseased tracts of alders near newly cut canals or regulated 
river-beds. In the works of the Royal Biological Instiiufion for Agriculture 
oikd Forestry at Dahlem, near Berlin (1905), AppeB has published a Study 
of the death of alders well worth consideration. He found on the dying 
branches a species of the genus Valsa known to attack diseased ^ dead 
branches, — namely, Valsa oxystoma — ^and stated that the fungus is parasitic 
only when the alders become susceptible, owing to abnormal circumstances. 
Drought is the chief determinative factor. Other disturbances in nutiitioln 
(injury to the roots, prdling, etc.) can also create a predisposition to fungus 
attacks but, if the alders are enabled to make a healthy growth, the disease 
disappears. When alders are found dying on apparently moist, imperme- 
able, ferruginous smls, drought may be considered to be the cause. On sudi 
soils, the alder spreads it roots only very superficially and in continued dry, 
weather there is a very marked scarcity of water in the upper soil layers, 
which at once makes the alder foliage wither and dry. The beautiful tracts 
of trees in the Tiergarten in Berlin, especially the oaks, unfortunately show 
similar results from surface drought, and to an ever increasing degree. 

Naturally canal and river bed regulations do not always necessarily 
cause the lowering of the ground water level. In the old Botanical Garden 
in Berlin, for example, the building of the subway dried up the water in 
the ponds and as a further result the tree crowns rapidly became blighted. 
Jin, other instances we found that the spread of brick-paving and clay- 
^ggings near forest tracts accelerated the death of the alders because the 
dwp clay pits had withdrawn water from the forests. 

, , jThe dangerous effects of lowering the ground water level often fail to 
impjpKS us sufficiently, since, in some tracts of woodland, the same tree 
SpaeJes (suffering from blight of the crowns in soils from which the water 
has’bee'n removed) thrive in very dry places. Under such circumstances 
the fact that the lack of water in itself does not cause the death of the trees, 
but Ac obrssft iratisition from a previously well-watered condition to great 
drought dn &e deeper layers of soil is overlooked. We may plant all cmr< 
tn^ ki vejy ’dry soils and the individuals will adapt themselves to the 
vegetative factors and the leaves will become small and coarse; the 
Ujjftn^adaa, abort. But a sudden great change in this condition will have 
iWrttaei^ results. If, however, such changes are unavoidable, our theory 
«v«s oulyjme line of action to preserve the plantation,~namely, to plmt 
ytmS trees betuken the old ones. These will adapt themselves to the 
Ringed vegetative cMditions. 

Street Planting. 

preservation of trees along the streets and smaU parks is of ^ 
' d^ance Hthe hygiene of cities. The greatest injury results 

. Mlttellung in a. Naturwiss. Zeltscbr. f. Land- a. Forstwlrtod.^ 
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(rom the present methods of street paving which fill $e spaces betwe^ the 
stones with a binding material, and even at tlm^ the asphalt covers the spil 
entirely- The injury to the trees is two-fold; on the one hand, the air is 
cut off. Ml the other hand watering is insufficient. This affects ffiC older- 
trees principally. For young trees, the circle of sod aropnd the tree is 
sufficient, especially if an iron grating laid over it prevents passers-by from 
trampkig the soil. We find that old trees die much more quickly when a 
regulation of sidewalks and a lowering of the ground wSter leyel is com- 
bined with street paving. In large cities another factor must be added, i. e., 
laying pipes for gas, electricity and sewers. In all this work, the chopping 
off of the larger root branches is unavoidable. . 

Therefore, the foot space is not only limited by the pipes, and the soil 
dried, but also the trees’ organs for the absorption of water are decreased. ’ 
To this cause may be ascribed the gradual break up of old trees as shown 
by the dying branch tips. 

Different varieties of trees suffer in varying degrees and the linden, 
a favorite and most frequently planted species, is among the mopt sensitive 
of varieties. In it the dryness of the soil, with which is associated also 
dryness of the air, is expressed by a premature defoliation. The large 
leaved linden suffers more quickly than does the smaller leaved variety, and 
it is a well known phenomenon, that, in the summer months, when the in- 
habitants of the city want shade most, the linden and chestnuts oftenj^of' 
some time have leaves only on the outermost tigs of the branches. Tfec 
older leaves, covered with red spider, have dried up and fallen. Tliejj^ 
adminstration endeavors to overcome this condition by abundantly watet^ 
the ground about the tree thereby favoring a second leafing out in ffie 
summer, which. is produced even without artificial watering when the, trees, 
have lost their leaves prematurely. In this buds are forced to ^^d 
which should develop in the following year; under such conditions ai^cond', 
time of blossoming is also often produced (Aesculus, Robinia). 'X - ^ 

Many of the shoots artificially produced by this watering do not 
mature sufficiently and are injured by frost. Thus in different yearS),.in the 
* middle of the favorable early, summer, the twigs die off accompanied by 
fungous infection. The winter, therefore, did not kill these less mature twip, 
but made them susceptible to fungous attack, thus giving the prima^ cause 
for later death. This theory also^xplmns the death of the cherry tjreea along 
fhe Rhine, which has occupied the attention of investigators during the* fast 
few years'. A Valsa (V. leucostoma) plays a part here as,in the casdof 
the alders. We will return to this case in the chapter rtfi injuries, due frw. 

Such bad conditions in street planting may be atmided-by i efcotce.of 
less sensitive varieties. First of all, the elm should be recommgdde^'|ts 
such; this has the added advantage of being very risistent to the acidr ' 
of smcdte. Also oaks and plane trees are used with advantage acc 

to the kind of soH present. In broad, airy stredtt Acer 'plaiaH 

. . . '■ 

1 Ct. Peuteoae land^rtschafU. Press* 188S, Nos. gJ, gS, and UlO#, Nor'3|.>(|y 
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suffers often from honey dew. The Robini»j esjieciafty ? 
the So-cnHed ball acacia, rrfain their foliage well e^en 'ln great drought; but j 
offfer only a little shade and put out their leaves late, usually losing thetn 
in autumn. Therefore, when Robinia is planted, arrangements for 
watering should be made, in which drain pipes perhaps metre below the 
pavement are put at the distance from the trunk where the newer roots lie, ' 
These pipes can be filled when necessary from hydrants. However,* atten- 
tidn should be called to the fact that watering through drain pipes can be; 
tied only in the hot summer months, because otherwise there would beifm ; 
excess, of water in the soil with much more disasterous results than those 
due to a scarcity of water. Finally, we think that a sprinkling of the tree; 
crown at night should be recommended especially where watering may be, 
carried out only through the ground about the tree. 

We must emphatically state that watering by means of water drains 
can be recommended only for light soils with a permeable subsoil. .By 
constantly watering heavy soils with a large water lontent, the soil wilfbe- 
come bak^ and compacted, resulting in a scarcity of oxygen and an excess 
of carbon dioxid as elsewhere described, which combination will bring about 
die decomposition of the roots. Mangin’s* studies will be cited here as a 
single W»ming example. He worked especially on the meagre growth of 
trees in city planting and found the soils choked to such an extent that^the 
c^tb.on dioxid content of the soil air increased from i to 5 and 8 per cent. 
‘anS even to 24 per cent., .while the oxygen content fell to 15, 10, 6 and even 
A jer cent. As a matter of course all the trees with such an environment will 
(Compare “Too deep planting of trees,” p. 98.) 


Effect of Drought on Field Products. 

t e results of continued scarcity of water, felt most quickly in sandy 
ring great heat, are determined naturally by the time the dry period 
If it sets in' in May, as in 1904, i. e., when growth is most rapid and 
the activity which should furnish the material for maturing of fruit is r^ 
duCiSI, the^effect is most serious. 

' Iti ^in, sowing of summer seed sufteft most under our cultural con- 
dition*, when planted at the usual time. This is easily uuderstood when we 
cOiliiilKr that winter seeds sown in the autumn can, during the w oe 
the early spring, fully dcvelop'their roots and obtam.a sufficient 
ibiTOtifln of shoots. They thus utilize the undisturbed activity of their 
■l^iy’lMVes. -In this way the winter seed meets the dry penod m a strong 
^'^-jApared condition, while summer seed, even where it sprouts 
'fttthiaffi?, enters upon the hot, dry* period at a much younger developmental 
'■^^Accordingly th< leaves ripen prematurely, their period of work is 
“m more limited and even if the plants develop blossoms and the 
^;^paratively little organic matter is present for fillmg out the 

», IC Vegetation uni DurcWflftui« Af 
ISM; clt ^entraiw. t. AgrlkuUurchemie, ISSS, p. 638. . 




grate. The endosperm is only scantily filled with starfih; the grains sl«i4jer 
and light. 

A second injurious effect is the shortness of the straw. This appears 
especially in summer oats, which on light soils have red stalks and grow 
scarcely a foot high, maturing only a few small heads instead of the full 
ones. Barley shows less injury, wheat comes next and finally rye, the most 
resistent. If the dry period makes itself felt as early as seeding time, the 
plants come up late and unequally. This leads to a double growth, i. e., to 
a wery irregular maturing of the grain. At the time of harvest many green 
blades are found among the ripened ones. The former come from the seeds 
which were left on top at the time of sowing, and which at first did not start, 
while those more deeply placed found moisture enough for a speedy germi- 
nation. 

In this, limited local conditions often become effective. Thus, for ex- 
an:^)le, one early crop may have drawn more water from the soil than an- 
other, or a potassium fertilistr is irregularly distributed and keeps the soil 
more moist in the spots where it has accumulated. The whole development 
of’ the plant is also changed by this. I found under otherwise equal conditions 
that the root shortened when the. concentration of the nutrient solution in- 
creased and the plant’s need for water became less. This is of greSt signifi- . 
cance in soils imperilled by drought. 

• In the cultivation of sugar beets and all vegetables, grown as seedlings 
in small spaces and then planted out in the field, the dryness of the soil 
makes itself felt most of all by preventing the growth of the seedlings since 
no new roots can be formed in dry soil. Next under consideration is Jjie 
drying of the foliage, which stops the development of the beets. Experience 
teaches' that, as with grain, well fertilized fields survive drought brtter. 
Varieties also show differences in this regard. It has been observed that 
varieties of sugar beets with outspread leaves wilt more easily than do those 
with erect petioles. 

The influence of long continued drought on potatoes shows jnore in its 
effect on the maturing of the tubers than upon their setting. The tubers 
remain small and ripen prematurely. As a rule, this premature rifenitig 
of early potatoes is of less consequence economically because they are 
adapted by nature to a shorter vegetative period and because, in the ^cmd 
place, they are rapidly consumed. Only the premature ripening of- the feter . 
varieties is disasterous, because the tuber has a small content of stardi and 
its keeping quality is much impaired. • ' ; ’ ' 

Leguminoseae suffer greatly from continued drought when they are 
grown for fodder. Clover and alfalfa bum out in spots or th^ecmid cfi^ 
fails. The most frequent results with fruit trees art the premature rq^ing 
and poor keeping quality of the fruit and premature defoliation. 


* I Jateeabaridite d. SduderauaKhufSw fllr FUansailKhutz. OeutMha, £«dW, 



^acmg the speeial forms of injury which can set in during long 
inued, intensivt drought, especially in light soils, one especially deserving 
uore thorough discussion is ' 

The Effect of Droucht Upon Germination, 

* When the water scarcity occurs after the seed has passed the first 
>^e 5 of germination, the results are less serious, if dry seed has been sown 
jn open ground than if seed previously soaked has been used. These dis- 
advantages affect the development of the young individual in varying de^ 
grees dependent upon the kind of seed and the age of the seedlings when the 
drought takes place. According to Will’s repeated experiments' with seeds 
of monocotyledons and dicotyledons, the seeds of the former seem in gener^ 
to he somewhat more resistent. The cereals without glumes -(wheat and 
rye) are very little sensitive to a period of drought, if it occurs during 
germination. Barley and oats, however, are injured more easily, and the 
horse-tooth maize has very little power of resistance. Saussure' found 
that maize, beans, poppies and garden campion are very susceptible to 
drought during germination. Nowoczek“ in his experiments repeatedly in- 
terrupted the supply of water, until the power of germination of the seeds 
was quite lost, and found that the seeds of grains resist the changing con- 
ditions of moisture and drought better than rape, flax, clover and peas, 
which lose their germinating power earlier, but even after a period of 
drought these seeds can be revived. Experiments on the Gramineae showed 
that after each drought period the fibrous roots, already formed, died, antf 
the outermost leaves dried up, but that, when water was again supplied, 
new adventitious roots were formed from the first node (see Vol. I, p. 102) 
and file last leaves developed further. This statement applies especially to 
oata and to a greater or less extent to barley', wheat and maize. 

It should be considered as universally well-established that soaked and 
then carefully dried seeds, when put again into water take it up more quickly 
than do air dry, non-soaked seeds of the same size. Such seeds in fact 
germinate a few days earlier, 

Tau^ous* 'and Ehrhardt' made experiments giving results which 
were expected at the start, — viz., that plants suffer so much the more, the 
f utther germination has advanced ; i. e., the more developed the plumule is 
wheii'the drought begins, the greater the damage. Will found the seed of 
in 'pa£t especially sensitive to drydng out. The testa was broken by 
small cracks in most cases reaching into the inner layers. With re- 
peated ta«»rif»g, to palisade layer was broken into unequal pieces, the 

' » win, U«ber den Einfluss des Elnquellens und Wiederaustrocknens 
BntvMUmwifiUliKkeit «er Samen. aowte (iber den Gebramta^rt ausj^wach- 
jtnjy ftSSS ^ Saatgut Landwirtsch. Versuchsstationen XXVni, Parts I and 2 
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t^ta feeeame slimy and shortly decomposition set ' inf affecting the cotyle- 
dons,' which hindered the development of the seedlings, ffhe production of 
these cracks is due to the increase in volume of the seeds, when soaked, to 
more than too per cent.* This produyes a pressure on the testa and dis-; 
■tends it, making it porous. This porosity can lead with drying even to 
rupturing. Through these cracks in the testa, the embryo, when moistened 
a second time, gets much more oxygen for the food-reserve already m- 
ginning to decompose, and also large quantities of water are more quickly 
absorbed. Further, the dissolved organic materials are transferred more 
easily osmotically. These may act unfavorably on further development. 
A testa slowly and equally distended, remaining uninjured, will there- 
fone probably more completely utilize the reserve substances of the cotyle- 
dons and perhaps indeed force the fluids into the tissue of the cotyledons and 
the dissolved reserves into the embryo by the turgidity produced by soak- 
ing. We cannot enter here ntme closply into the enzymes occurring in ger- 
mination and their action, bw refer in this connection, to the works of 
Newcombe* and Griiss*. 

From these experimental results it can be safely asserted that the use 
of seeds, which have been soaked until germination has started and then 
dried off, should be avoided. I am also of the opinion that soaked seed is 
to be used sparingly every time especially in dry regions. In the first place, 
in dry regions, the conditions already brought about artificially by drying 
Soaked seeds can be repeated most easily in nature by continued heat and 
drought and act much more injuriously than if the seed, in such a condition, 
lay ungerminated in the soil. In the second place the plants become ac- 
customed from the beginning to an excessive water supply. The tissue b<^ 
comes more porous, richer in water and, requiring more moisture, dries'up 
much earliej with the occurrence of great periods of drought than if. the 
plants had d^eloped with a scanty supply of water. The evaporation in thb 
former condition is greater than in the latter. On this account, f^oy^rs 
often follow the rule that for vegetable plantsidevelcping rapidly (cumiW- 
bers, beans and cabbages) watering must not be discontinued, . if the plants 
have had abundant water when young. I have often found that plants from 
soaked seeds are less thrifty than plants grown from the same: ^ed 'Whjch 
had not been soaked, but which depended upon the natural moisture of the 
soil. , ■ • ■•i-'.*'" 

Treatment of Tree Seeds.*- 

If the germination of tree seeds is interrupted by drought, 
are very disasterous. This is felt most in planting trees whose S(ied$'ilStlta|hl 
their germinative power only a short time. Nobbe‘ found that of 

, — • 0 ^- 
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i^ws lose thar poter of germination in 5 to $ days after tHey^ave li#ff 
tiipvn from the parent tree. The seeds of poplars and elms are also proved ? 
to be very short lived. Acorns and beech nuts, as a rule.ilre capable of 
geraiination only until the following spring. On an average, ash, maple and 
it come under the same head. On the other hand, a large percentage of 
splice and pine seeds germinate after 3 to 5 years; however, the seedlings 
apt to be less vigorous. The maturing’ of the seed and the care of it ' 
after it has been gathered are important factors. For example, Nobbe 
found that seeds oi Pinus sUvesIris, which had stood in closed glasses in a 
living rtfcm, germinated after 5 years to about 30 per cent, and after. 7 years, ’ 
to 12 per cent. In fact, even after 10 to 1 1 years, individual seeds were 
still found capable of germinating. Under the same conditions, seetUof 
Trifolium pratense, after 12 years, germinated to 10 per cent., Pimm sati- 
vum, 47 per cent, after 10 years and in one experiment, Spergula arvensis 
25 per cent., another year 67 per cent. It is stated that cedars atul Italian 
pines (Pinon) have germinated after 30 yeJI^*. It is advisable to sow fine 
seeded conifers soon after ripening. The time of planting, whether summer, 
autumn or spring, is a question of practical importance. The summer is 
the most difficult season because the moisture fluctuates to a great extent in 
the soil ; therefore, with trees whose seed must be sowed immediately, as 
vpUows and poplars, propagation by cuttings will obviate this difficulty. 
Autumn sowing is much better aiid necessary with oaks, chestnuts, hazel 
Ithts, etc. It is recommended for very hard shelled seeds like these of 
Crataegus, Prunus, Ilex, Sorbus, Rosa, Cornus, Berberis, Ribes, Carpinus, 
^phylea. Clematis, etc. The last named kinds often do not germinate for 
3 years, especially in sandy soils. Spring sowing is best because the 
(^^ger of winter and all injuries due to animals are eliminated. In order 
ndit'to lose the time between the autumn and spring, the seeds jre placed in 
layeja between sand, which is kept damp. This proce#; is called 


" ”."JBse importation of seeds of prized decorative trees from their native 
has become a large business. It is important to know the loss of 
geip&l^ng power during transportation. Count von Schwerin^ in the 
djl&drolc^cal Society has called attention to the fact that maple 
yarirtfs'-^not withstand any long transportation, so that, for years, hot 
maple seeds brought, from the Himalayas had germinated. Also, 
Jt^lKl^^bed-should not be broken up too soon, since many seeds retain their 
~ l^afftmg time in the soil. Thus, for example, Chamaecyparis Law- 
L'lies 4 years in the soil, especially in dry years. For years, in 
i' Magnolia hypoleuca from Japan, either no seeds germinated or so : 
s ihsts of transportation were not paid. The seeds dried during 
Veiy encouraging results have been obtained recently by leav-- 
in teir fruit and packing them in powdered charcoal. 
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To tte statement made heretofore that the seeJof Acer retains ks 
geinrinating power until the following spring, the qualifying statement mast 
be added, thalpmaple seeds of the Campestre group {Acer phtusatun^} A. 
italum, etc.), as a rule, germinate only in the second year. Only occasional 
seedlings may be found after the first year. In many botanical gardens, how-- 
evet, trees of the Campestre series are said to furnish seeds- usually germinat- 
ing early. The explanation of this is that in seeding in such places, the first 
seedlings are used for propagation. From this it may be concluded that the 
peculiarity of producing seeds, which germinate promptly, may be made 
constant by selection. This point of growing the earliest germinafed seed- 
lings separately as seed bearers, when making large seedlings, might be 
recommended for the consideration of plant breeders. 

Blasting in Grains and Legumes. 


Under these circumstances the seeds do not mature since the plants 
do not have enough water. Such a condition of great drought is most often 
found on soils of a very porous structure where evaporation is very great 
ajjj^ the capillary movement of water from the subsoil is slight. 

Yet great scarcity of water will not always produce a blasting of the 
blossoms. This depends essentially, as Hellriegel’s experiments with grains 
show, on the development of the plant wjien the wate/ scarcity makes itsrif 
felt. If, following the experiments’, a graift plant has had only a scanty 
amount of water at its disposal, beginning at the time of its germinationf 
it reaches maturity in a period of the same length, or . perhaps somewhat 
longej-, yet the whole growth is weak. The proportion of the harvested 
grains to the dry substance, however, is always normal ; i.e., approximately 
half of the dry substance is harvested in the form of grain. As initdl 
vegetative conditions, there is here also a minimum; if the water supply is 
kept below tfiis, no product worth naming takes place. ' 

If great scarcity of water occurs Immediately after germinatioif be^ns, 
the grains remain alive for a long time (in the experiment up to six weeks) 
and later develop vigorously, when the water is supplied in abundante. A 
period of drought appears to be still less injurious if the grains ace in 
the milk stage, i. e., have reached their normal size, but have not 
finished their inner development and become hard. The work of ttie plant, 
which now forms no new dry substance, consists in transposing ^the sub- 
stances produced in the leaves to the storage organs, the seeds. 

_ In all periods of growth between sowing and ripening, a longer scarcity 
of water acts more injuriously the younger the plant is at the hegninhig::wf 
the drought. When the long drought sets in while the seeds^ are a|tn>adiig 
vigorously, the setback resulting therefrom cannot be oyercpid^. The-ted^ 
of continfed drought are the more severe, the more wateathe plant 
in its youth. If a plant has grown luxuriantly with abmidant sd3, aj^^Mhf 


) Hellriegel, BeltrSge zu d«n naturwlssenactaaltl. GrundUigen d«s 
R-aonafhwels. Vlewe* 1883, up. 539 to 929. 'v'-.S' 



sitting of the bloom, 'and then receives a check from a 'long drought, the 
grain is not set ; a greater or less extensive failure of the harvest taki^ place, 
udiich we n&y call the blasting of the grain. Ritzema Bos’^ experiments 
with “Maaijegerst,” or winter barley sown in March, are very intere^ng. 
A. sowing was made on a field where Ifitumn sown winter barley was frbs^ 
put. Only a few of the autumn sown plants came through the winter and 
produced stalks during the summer so that the same field produced autunCR 
and March sown barley. The plants from the March seeding suffered dur- 
ing the hot summifer from blasting, while the plants of the autumn sowing, 
scattered among them, bore a full harvest of grain. With us, besides grain, 
peas suffer most. Naturally in other plants as well, a failure of the seed 
harvest can take place, due to the blasting of the blossoming parts. 


Thread Formation in the Potato (Filositas). 

In this disease (“mule^” — of the French) the eyes are deformed; from 
them grow slender, thread-like steins as^thick as medium sized yam. Not 
iilfrequently the eyes of tubers comparatively rich in starch did not sprout 
at all, or if they did, the sprouts were weak; they are unable to iM|ak 
through even a shallow soil covering. The tubers decay usually witOhe 
appearance of dry rot, yet the disease has occurred extensively only where 
the soils, being easilj' heated, have to withstand long droughts, 
t Fig. i6 shows the basdl part of a cutting grown in a water culture 
from a potato affected by Filositas ; the proportions of the stem, leaves and 
tuber correspond to the natural size and it is seen that the stems actually 
jlte. only as thick as a strong thread of yam. The stolons (st.) are also 
^re delicate and have formed tubercles (k), some of which have lengthen- 
^iypt the tip and grown out to green sprouts (b) or developed scale-like 
'(pipn, leaf lets (d), 

e 'f|i'The cutting here reproduced came from an experimental culture, the 
yetUlte.of which are given in precise figures in the second edition of this 
np^^l and lead to the conclusion that in the thread disease of the,potato 
wei^ve before us conditions of premature ripening which had become 
Reports from the localities where the disease has occurred; 
from the Marchfeld near Vienna', of the cultural methods fol- 
4j)U5W^<jre, substantiate this theoiy. The potatoes, which were of the 
.Yaiieties, were forced artificially and planted as soon after as possi- 
soils on the Marchfeld near Vienna, lime soil near Poitiers’, 
‘'’'I 'lfHalt water capacity and heated rapidly, consequently with the in- 
“ Tg;summer temperature and the superficial position in the upper soil 
fe-growth of the aerial axes stopped at once. Tubers are formed 
but they do not mature, they are filled with starch so that 
t» marketed very early and command high prices. 



t. Pflanzsnkrankh, 1894. p. 94. 
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When young tubers are checked, ripen prematutety and are;har¥est'P,| 
the eyes have not developed normally. Shoots developing from these ^s7 
must naturally be weak. If such tubers are used the following year as Seed 



> .'4- 

Fig. 16. The basal portion of a cutting grown In water from a potato 
the filament disease (natural size). (Origi) 

dr similar cultivation, these phenomena of weakness must gradually^ lijt 
:rease and result finally in the growth of thread-like stems only. Aecdt'di:^ 
y the disease is the result of a continued unwise cultural method; - to.,. 
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iiniissible shortening of the vegetative period of growth. To overcome this’ 
(i^culty the seed must be changed since the method of cultivation will not 
permit the return to normal seeding. 


Diaphysis (Growing pui) of the Potato. 

In summers with little rainfall, as, for example, in 1904, one of the 
most frequent complaints was that the potatoes remained small or when ap- 
proximately normal size, showed an uncommonly large formation of sec- 
ondary tubers ("Kmdelbildung”). In Fig. 17 is illustrated ond of the most 
bizarre forms, which shows two kinds of diaphysis (growing out), viz., the 
actual" ''/ormafioB of secondary tubers” and “water ends.” The stem end 
of^the tuber (at the left side in the drawing) shows two daughter tubers 



Pig. IT. Proliflcated potato; at the left the beginning of complete latwal tubers; 

' at the right, subsequent elongation of the tip end (water ends). (Orig.) 

^wing on either side at about the same relative poflfion like the arms of 
an annehair. Toward the tip we find the daughter tubers becoming smaller 
and sSaller, until near the conical end of the tuber (right side of the 
picture^ they afe recognizable only as small hemispherical processes. 

' . This malformatiqp is caused by Prolepsis, i. e., a premature or hurried 
4 rdapnMnt of the eyes. The explanation of this phenomenon is easily 
After probnged foliage development the underground eyes of the 

S p-piant develop tubers which store the already manufactured starch, 
dfier the summer, the more quickly the tuber ripens, since, with the 
enlargement and increase of its cells, the starch grains enlarge and 
walls thicken. The cells (except the youngest about the eyes) grad- 
lose- the ability to increase in size to any extent. 

®;;if jiow, after prolonged drought and advanced ripening, a considerable 
i&mit of water is forced up into the tuber, this abundant absorption of 
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'water increases the cell pressure, Specially in the youc^ eye cells ‘vrtth their 
still elastic walls, so that the eye begins to grow. Young shoots sprout |pim 
these eyes liltimately reaching the upper surface of the soil-. This more'un-i 
usual condition occurs only after continued wet weather. As a. rule, only 
passing periods of rain force the water into the tubers, an effect lasting but 
a short time ; then the sprout remains short and thickens to the secondij^ 
tuber (Kindel). 

The cork layer (the skin, smooth in young tubers) shows very clearly 
how the cells of the ripening tubers lose their elasticity. When the tubers 
are very ripe the skin becomes rough in most varieties of potato, especially 
red ones. At first the cells of the cork layer are closely connected with^pne 
another but, with the increasing pressure of the swelling parenchyma, the 
cells are forced apart, tearing the skin. Under these tears new cork celte 
are formed. This splitting of the skin is greater or less with different 
varieties. ' The more split a tuber of an otherwise smooth-skinne 3 variety 
is, the riper it is and the richer in starch. 

Diaphysis of the tubers in many cases has a bad influence in that the 
quantity of starch which may be regarded as influenced by the soil, is de- 
posited in a less available form than in normal development. Together with 
the large tubers a great many small ones are formed, which are less mature 
and therefore poorer in starch. According to the investigations of Kiihn* 
and Weidner’, the tubers already present do not become poorer in starch 
when the secondary tubers are formed. The starch of the secondary tuber| 
does not coine from the original tuber„but directly, from the leaves. Only iti 
plants, whose foliage is dead, does a suddenly renewed supply of water prprj 
duce secondary tubers at the expense of the starch content of the older on^i 
Both old and young tubers have only the starch content of the -heaWiy 
tuber, which has not grown out. ' 

So-called “water ends” are nothing but the result of a renewed growth 
of the apical parts of the tuber excited by a subsequent supply of water. 
These are thereby lengthened into a conical form and are filled wi^ rtew 
starch (see the rigljt side of Fig. 17). The starch filling ij, jus^as' scanty 
as in the real secondary tuber, “Kindel.” ' 

Formation of Tubers Without Fouagf 

If tubers, at the time they would sprout naturally, are not put in ^ 
earth, but are kept in a dry, poorly lighted room lAtil the next period of 
harvesting, a number of small tubers will sometimes begin grov^. 
stand either close against the mother tuber or hang froth short. sh^Ons, 
which have developed from the eyts. While, with a timely supp^ ^l^g^ter 
and light, these eyes would have grown into leaved, green sprouts, -jB We 
dry, dark store-room, the sprouting eye has developed into a 
runner (stolon) beset with scales instead of leaves, the tip of yd^h 
thickened into a tuber. * ; 

1 Z^tsclir. d. landw. .Centralver, dw Prov. Sachsen 1868, p. 882» 

2 Annalen deip^MeckleDh. patriot. Ver. 1868, No;;$9. ; f 



Aerial Potato Tubers. 

When tubers are not planted deeply, nor hilled up, the plant remains 
while the root is liable to be greatly injured by drought or animals. 

If subsequent rains 'cause the weakened roots to function sufficiently to keep 
aerial axes alive, small, colored tubers are developed on them from the 
toCTal eyes. This process is possible also under differeijt conditions,' yet 
the root must be diseased and able to convey only very small .amounts of 
water from the soil to the leafy stems. If cuttings are taken from the older 
parts of the stem, they can be forced to form tubers in the leaf axils. 

■'v Premature Ripening of Fruits. 

In years of continued drought, as, for example, 1904, complaints be- 
come most numerous that fruit does not keep. Summer fruit indeed ripens 
more quickly and can be brought to market one to two weeks earlier, but the 
flavor leaves much to be desired. Winter fruit remains smaller, as a rule, 
is less juicy and well-flavored and decays more quickly, or it needs a much 
longer time in sfprage in order to become fit to sell. The former may be 
Observed with light soils, the latter has often been found‘*when, with heavy 
soil, rains occur after a period of drought, causing a further growth of the 
fruit which, until then, had been retarded by a scarcity of water, 
s The condition here pictured is explained in the discussion of the fact 
the quality and keeping qualities of the fruit depend upon two factors, 
of all, each fruit must have sufficient time for the penetration of the 
and food substances necessary for its maturity; this takes place at. 
||i time of swelling. Then the oxidation processes of ripening set in grad- 
liafly, in which the reserve material, stored in the form of starch, is used up 
izi'T^spiratidn. The longer time the fruit has to store up the material sup- 
plied >y the leaves, the better provided it is for the process of ripening and 
the fetter are the keeping qualities. If this process is interrupted ahead of 
• time by "drought, the processes of ripening, the conversion of starch into 
’ SU^f/i fi^ comparatively little material present. In normal summer 
weBther,4.e., ultimate sunshine and rain, the fruit during the process of 
ripenihg-'diso takes up mineral elements besides water, as Pfeiffer andjl have 
proved. An absolute increase in miiferal substances takes place shortly 
'feilBre complete ripening. This naturally appears relatively small in com- 

« With the greater increase in organic substances. With a continued 
vfyf water this increase does not take place and the fruits quickly 
' .die scanty materials. The acid storg is scanty, the formation of 

le^, which accounts for the insipid taste and the poor keeping 

^^^^^ter fruit, processes of ripening are completed only in stora^. 
*^®^‘-^^^other r^pects the same point of view holds good. If the weather 
i/^mer is favorable for the absorbing of large amounts of re- 

Jrtlt ftir Eomologie und praktischen Obstbau von Obotdlebk unft 




Serve substances, the fruit is well prepared for storage and keeps soun4 1 ' 
long time. If the reserve substances are scanty, the fruit rapidly spoils. In ' 
seasons after a long period of drought, which has practically stopped the 
development of the fruit, if a time of continued cool, dry weather comes, 
the fruit may start its growth again and renew its life processes. If the 
fruit must be harvested in the autumn, it is put Ihto storage in a compara- 
tively immature condition and thus needs more time to become ripe. These 
are the cases (on the whole less frequent)* in which the fruit must lie dis- 
proportionately long in storc^e and does not become mellow, but remains 
tough. 

Rusty Plums. 

Fox red discoloration of plums setting in some weeks before the normal 
time of ripening is a phenomenon of premature ripening. The fruit is still , 
absolutely hard and, on an average, about half as large as that normally 
ripened. As a rule, the rusty plums fall prematurely. The phenomenon 
occurs only in continued hot, dry periods and is found especially on sandy 
soils. This discoloration occurs at different tinies for ‘different varie- 
ties and is similar to the premature coloration, which takes place in wormy 
or otherwise injured fruit. It should be emphasized that the dry locality it- 
self is not the cause of the rustiness of the fruit, but it is due to a scarcity 
of soil water succeeding a period of normal precipitation. Trees whose* 
water supply is scant, adjust themselves to conditions by dropping the fruit, . 
which they cannot develop, shortly after blossoming; The disease only ai^p- 
pears on those trees which have held their fruit until summer under normal 
moisture conditions, which are then followed by a long, dry period. An; 
abundant supply of water must be provided to overcome this, and should 
not be too long delayed, else not only the rusty fruit but often all the ftiub 
will fall. fc 


FuRTHta Phenomena of Premature Ripening, 

As a matter of course, the results of continued soil dryness after i nor- 
mal spring moisture are observable in all kinds of fruit. 'I'he drcggpra^pf 
leaves and fruit is of frequent occurrence. The scanty maturingj of thh 
organs remaining on the plant is a less common phenomenon. This produces 
also poor keeping qualities in stored fruits and potatoes and small grains in 
the cereals. We will return later to the discussion of other casp, whm'WC 
consider the results of unusual dryness of air. ‘ ' 


Mealiness of Fruit. 

Especially in hot summers on sandy soils it has been bbserved tfltd 
fruit, especially early varieties, does not become juicy and crisp, but ^ 
tought, poor in sap, insipid rather than aromatic in taste, and 
under pressure, makes a mealy paste. In cooler years and in other 
even the same varieties do not become mealy, but change at once alAott^ 
dition to a liquid, winey, d^hy or a decomposed condiiiipn. 
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I know of no special investigations of the case lit hand. On this account it 
can be stated only hypothetically that the mealiness of the fruit depends upon 
a definite act in the ripening prdcess, which has been directed into other chan- 
nels because of the scarcity of water. This change in direction might not be as- 
sociated with the connection of the fruit and the tree, but may set in late in 
the development of the f Ait, about at the time when the intercellular sub- 
Itances generaUy dissolve. In normal ripening of fruit, after passing the 
stage of great sweetness, in which the fruit is already “mellowing,” i. e./ the 
cells of its flesh are easily separated from one another, there occur at the 
expense of the sugar first an alcoholic and finally an acetic acid fermen- 
tation. The, fruit becomes winey and doughy with a constantly advancing 
oxidation or browning. According to Fremy', a part of the alcohol thus 
formed is combined with the fruit acids to form the ethers, which condition 
■the flavor of the fruit. A cool temperature prevents the rapid oxidation of 
the sugar. The supply of water from the branch to the fruit, becoming less 
with ripening, explains the fact that, in great summer heat, the fruit develops 
with extraordinary rapidity and in this gives off carbon dioxid and water 
abundantly. In fruit, however, the flesh is poorer in water and is very 
easily warmed through ; the reduction of the intercellular substances, which 
we reckon among the pectines, cannot take place in the usual way. A. 
Mayer^ considers the pectines as condensation-products of Galactose and 
*fhe pentoses, Ardtrinose, and calls attention to the peculiar fact that they 
ire jelly-like because of a special enzyme and are hydrolized by another to 
he pentoses. It may indeed be assumed that these processes are changed 
[Uantitatively and qualitatively when the fruit becomes mealy. This is indi- 
ated by the circumstance that in mealy fruit a firm connection always exists 
tetween the outer skin and the flesh of the fruit, while in the normal winey- 
teaghy condition the outer skin can be raised easily from the flesh, i. e., the ^ 
dtefSellular substance is dissolved. The insipid taste of mealy fruit is ex- 
Jlained by the scanty content of acid and the quick destruction of the sugar. 

' • ‘When establishing the theory that an excess of warmth can cause a 
relative kck of organfc acids'in fruit, attention must be called again to the 
fact thaj the acid^formed in the leaves during the night are in grpt part 
ttsed up again during the following day. This process of oxidation will also 
take place in green fruit and it is indeed conceivable that in the long, hot 
inroniet days, this is so intensive that a large jiart of the acids already pro- 
disappears. Under such circumstances no vinous fermentation takes 

place.,1 

■' Th? fact that I was able artificially to produce the mealy process in 
favors the theory that the mealiness of fruit appears with the scarcity 
the cells and a pasty decomposition of the cellular substance, if 
^TeSOltditions necessary for a vinous fermentation are not present. Fruff 
sorts was packed in layers in dry sand after ripening normally 

vot. I. P.,UI. H«»elber. ISOl. 
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on the trees and was kepfefrom autumn until the next Summer ih a’ cool, 
light cellar, in order to let the fruit mature as slowly as possible. 1% this it - 
was proved that some fruit with an absolute uninjured wax coating was still 
sound in August, but absolutely insipid in taste and of a mealy consistency*. 


BiTTEat Pit. 


In the flesh of fruit, especially of apples, brown, tough, scattered spotsv. 
are produced,” which sometimes taste bitter. If these are found just beneath 
the skin they become noticeable as somewhat depressed tough places, which, 
at first paler in col(v, finally become brown. The phenomenon is most fre- 
quent with porous soil in dry years, such as 1904. The firm flesh.ed varieties 
suffer less. Although a fungus Spilocaea pomi Fr. is given by some in- 
vestigators as the cause, I still would like to consider the phenomenon as the 
result of a too rapid maturing in individual cell groups in the flesh. In each 
fruit tlje tissue of the flesh seems unequally filled with reserve substances. 
If premature dryness of the soil prevents the accumulation of the proper 
amount of organic material for the complete maturity of the fruit, different 
tissues will remain especially poor in contents and actually complete their Kfft 


1 In mealy fruits, as well as in those normally juicy, the state of ripenws le 
characterized by the appearance of peculiar substance groups becoming visible 
immediately after the sections have been put In undiluted glycerin. 

The adjacent figure shows a cell from an apple (Gloria mundi) when the aectloh 
had been placed Immediately in glycerin. The delicate plasmatic prlmordfed utricle 
which had been contracted into folds is partially omitted in the drawing^ The 
content is pushed together more or less. Also the very large vacuole at once notice- 
able in most cells, usually lying in one corner (which 1 would like to call ah acid, 
vacuole), is omitted In the illustration so that the substances appearing with 
glycerin reaction may be more clearly apparent Hhupbasls should be laid uptm 
the fact that all cells do not show this response. The outer flesh of ripe applejL. 
pears and peaches reacts especially well. The investigations indicate that Sp 
substance closely related to sugar is present in the cells in various transition^ 
forms. This substance Is found between isolated larger vacuoles or the numemis. 
%ery small ones; it might be imbedded in the cytoplasm or be free in the cell 
either as separate cloudy drops or in rectilinear masses which, from their app ea l- , 
ance, may be dough-like in consistency. Often they are found in more stronglQr 
refractive and solid forms as tuberous, warty, irregular growths. This most gelid 
state appears also in the form of very small, sandy grains imbedded in the 
attention to which is first called when they swell up to drops or (by fonnlug 
vacuoles) to small bubbles in the glycerin. AU t^^ee forms have a c a i ^L pt to 
swelling in glycerin. When observed under water, Ae drops become indie^n^ fuid 
disappear, but in extracted appl-e Juice they remain visible and nmy be distflUruteb^d 
from the different vacuoles. The radiating middle structure of Mie figure .i&biys the 
most marked results of the swelling, while the doughy condition of the 8ttb||ance is 
indicated by the shaded surface with curved outlines lying below this, sur- 

roundings represent the part of the cytoplasmic sack, wbieh lies in the Slime P)I|91B 
and which encloses the grains of coloring matter and two vacuoles, \ ^ 

The process of swelling is the same in the three masses described 
occurs in different intensities. It appears most rapidly and furthest devfiliC^pttd ili tbft 
drop form and decreases the firmer the substance becomes. With the o£ 

water the drops disappear first, in their place there remain^ at times a 
residue at the edge of the cytoplasm; somewhat later the doughy infl>wtO | j Sflp igft 
invisible and the dividing line formed through the cytoplasm becom^ 
polyp forms become slowly transparent; the warty masses gray graip ' 

cloudy without dissolving entirely in one day. If, at th#be^lnnintl of 
of water, cloudy balls, generally lying along the walls imbedded betw^ 
vacuoles^ are observed, there Is frequently noticed a swelling of dlfibrent 10 
ceU contents beginning at the inside, which increases lip to the formatlpltv^ 
uoles. A similar phenomenon Is found with glycerin where the process iwtaill 
slowly and the changed conditions are retained longer. By this process 
of the substances* imbedded In, the cloudy drops, tbs inhtr part of thW i 
at ^mes filled by one or more vacuoles in tficb a way.that fta actuiU clottf 
occurs only as a slehder lii^: enclosing the TacaMea.^ 7hls beeoiiu|i niore 



^ele siftnuch the more quickly. The beginnings of the disease must be 
ittdfi rather early stage of the fruit’s development. I often found in 
•diseased cell groups, recognizable by browned and corked membraSes, many 
grains , deposited on the cell wall. These slowly colored blue with iodine 
and therefore must be spoken of as starch. Some of them showed a waiped 
seam which rerSained whitish. Further, a splitting of the browned tissue is 
.oteerved often in the tough fleshed early apple, varieties which are most 
Wlined to become specked. These splits are explained by the fact that when 


tr^sparent in water until it can no longer be recognized. No actual dissolving of 
the substance has been observed. If fresh sections are laid first in water, cloudy 
dropsida not appear, from which it may be concluded that the substance is taken 
up by the water. Indeed, in several cases, it was observed (in Reinettes) that ijt 
the drops ha d disappeared after a rapid temporary action of the water there was 
a fine grained residue. With the addition of glycerin the solid grains either' 
form drops or separate filament-like pouches. Per- 
haps It is only these grains which, Imbedded In the 
drops and the remaining, above-mentioned forms 
dai^d to be different ag^egate conditions of some 
ground substance, swell up to polyp-Uke radiations. It 
is seen especially in the drops which are enlarged to 
a thlcR^walled vesicle by a vacuole that only some 
places may be elongated like pouches or chains of 
beads which In individual cases can reach the wall 
r a ypr and thus transverse the cell as knotted bands. 

With the continued slow swelling yi glycerin the 
figures change constantly whereby the substance, 

^whlch becomes more and more doughy, more weakly 
rrfractive and stringy, shows an attempt to return to 
. the drop form. Either some of the chief arms of the 
'i wis^e represented polyp-figure take up more and 
' substance and become broad bands which finally 
together Into spherical drops, or separate beads 
ojT’&S chain show a stronger growth with a constant 
In size and decrease in refractive power, 

WKnby the smaller spherical links of the chain and 
substance possibly connecting them 
leeQthcs more sender, finally tearing apart and be- 
drawn into the larger drops. In most pro- 
nounw cases these drops were recognizable after 96 
hoUi^^.but later could no longer be found nor pro- 
duced again by reagents. 

<1^ reason that I place the substance mentioned 
ifi thiMttt of sugars, or between sugars and ferments, 
la thgfcp oc<?urrence in the same cells, which contain 
large, '-^i^ngly refractive drops capable of being 
dra^ tiikher by glycerin, or separated by alcohol and 
showilift Ur'giPPPar reaction into which It seems to me 

nan. bmCd small, above-mentioned drop forms. The large syrup drops which 
taa 9 ' fi# drawn together in certain parts of the cytoplasmic sac by glycerin and 
J^^StSSSy^SSpear again, may be partially fixed by the use of the Po^ium 
a peralstent brown-grained precipitate ib 
p^noll iStor the action of dilute sulfunc acid on the glycerin pri^^tlon 
l^wallB of tha Btone ceUs became the color of wine. Ferric chlorid^es 
acB^bUor reaction. If a piece of caustic potash is put in the glyixrln pre^- 
raKtohiS balls color an intense yellow and the remaining cell contrat a 
' 'Uknr. Cbemically pure grape sugar behaves similarly but, dissolv^ in 
^tt ntvtuaonly a weakly yellow liquid. The addition of calcium chloHd 
hold tte dropVrtor^ somewhat longer. They then rei^n 
^Si^ve power from 2 to 4 daya With the use of silimr nitrate a 
^^^^pltate is produced in many syrup baUs, which ^ 

i& gUJn bodies' or less numerous larger tuber-like ones. A part OT 

ipear without giving any precipitate. 

that we are concerned here with an extremely ^ily ch^^i; 
ilv iuduble in water and alcohol, but less soluble In glywrin, whl<^^ 
in dTfferent transltional stages, thus hewing 
^«iSb to the air brings about a change, since mi apple, wy^ ‘ 
bn its freshly cut surface, does not show *S*®*Ai 
after a few hours when acted upon by glycerin, and; 
deeper in the tissue. 



Fig. 18. Parenchyma cell 
from the flesh of a ripe 
apple after treatment with 
undiluted glycerin. (Orig.) 
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tte fruit was attacked by the disease, while the cork layers were swelling, 
the specked tissue had already lost its elasticity. 

The dying of single tissuf groups of this kind as the result of an in- 
sufficient storage of reserve substances will take place so much the mote 
easily as the deposition of starch is made more difficult by tl^ one-sided in- 
creased nitrogen fertilization. In fact, practical fruit growers have also 
observed that this specking is especially abundant, if the trees have been 
excessively ‘fertilized with sprouted malt, homshavings, etc. ■ 

Wortmann' substantiates our theory in regard to the non-parasitic 
character of the specks and of their occurrence with a scarcity of water. 
He ascribes the appearance of the dead cork cell groups to an excess of acid 
which is brought about by the concentration of the cell sap of the fruit as- 
a result of unreplaced water loss. The absolute acid content decreases with 
the ripening of the fruit, but the relative acid content becomes increased 
with scarcity of water in the cells. Wortmann concludes from his investi- 
gations of the epidermis that the larger fruits evaporate more than the 
smaller ones and the specked varieties (reddish Reinette, Goldgundwrling, 
King of Pippins, Landsberger, green Stettiner, Danziger) evaporate more 
than do the varieties not inclined to specks. He found a greater thickening 
of the outer walls of the epidermis in thc'non-specked varieties, the peeled 
specimens of which evaporated more than did peeled specked apples. If 
the fruit of non-specked varieties was pricked with a needle and laid in acid 
or alkaline solutions (potassium, tartarate, limewater) specks were pro- 
duced which could not be distinguished from natural ones. 

The phenomenon of the so-called “fly specks” should not be confused 
with this. Very fine little black points united into groups ar^found on t^e 
apple peel, which appear to the naked eye like a cloudy bloom and under the* 
microscope look like accumulations of fly specks. Fungi, especiafly 
Leptoihyrium pomi Mntg. and Fr. and Phyllachora Pomigena (Schw.) 
Sacc. are given as the causes. Often actual insect secretions are found in 
which fungi grow. Since the skin under the “fly-specks” does not seem to 
have been injured in any way, rubbing with a damp cloth is enough to nwkn 
the fruit again fit for sale. Another phenomenon, often called -s^l^l^g, is 
the of the peel." This term comes from the changei in color of 

the outer skin. During.the process of swelling, the skin gets stellate or^^" 
tritically-branched tears, which are closed by the formation of cork. 

Stoniness OF Peaks AND Lithia.sis. • ■ \: 'P 

When pears are grown on poor soils, in dry years the^flesh is Solids but 
grates between the teeth when eaten, in wet years the flesh is tender .andfdfdos 
not grate between the teeth. This grating is due to the extraordinai{^4wi^^ 
amount of stone granules formed in the years of drought. Practice v^kefis 
often maintain the theory that the formation of stone ceHs in peai^' fc 
direct result of great drought. . *’ 

lyWortnuum, Jut, Ueber die acg, Stipiien der AepreL, Landwlrteclfc 
. 4 . • 





Investigations of young fruit show, however, that in each variety of 
p^rin normal development. aggregations of coarse-walledschlerenchyraatous 
;ceBs dte always present unequally distributed. These stone cells are in fact 
an anatomical characteristic differentiating pears and applesh Therefore, it 
,&not the occujrence of the stone cells but only the greater thickness of the 
walls already formed which is the result of the drought. In many varieties 
they remain relatively thin-walled. To this should be added that their con- 
nection with the surrounding tissue is tougher and closer in dry years. 

^ In the so-called stoniness of pears, only the increased wall-thickening® 
of the normally deposited schlerenchy- 
ma cell centres is concerned and there- 
fore no increase of the elements, while 
we find in Lithlasis an accumulation 
of stone cell elements produced subse- 
quently by cell increase. These finally 
may also extend over the surface of 
the fruit and then form light brown 
circular specks, either equally distrib- 
uted or clustered on the sunny side of 
even map-like etchings due to the run- 
ning together of the specks (Fig. 19), 
the upper surface' of which shows a 
crumbly construction. Not infrequently 
the same varieties of pear suffer 
also from Fusicladium (see Vol. II). 

Nevertheless, the Lithiasis specks may 
he easily distinguished from the smooth, 
ttshilly blackened, fungous specks, be- 
cause of their crumbly constitution and 
the raised edges of the wound. 

: So far as observations have shown 
• yet, jyily certain varieties suffer 


as'' 


from Xtraiteis. Many, in fact, form 
piedoBufiaa% roundish specks, while 
in others, usually zigzag gapping cracks 
are produced. Stone masses are not 

■'adways depressed, often they occur on the upper surface as pale cork-colored 


Fig. 19. Pear diseased with 
Lithiasis. (Orig.) 


Ait e^irely normal construction may be found in the healthy parts of 
'.fte'^r attacked by the stone disease ; i. e., underneath the small celled, not 


M«inolre sur la difference qu’offrent les tlssus cellulairea de la poimue 
ate Paris Compt. rend. 1838, I, pp. 711 tf. 

which the atratilied thickened walls of tte stme raUs 
UecMved the n«m« of glycodmpose from Erdmann*. He used this IWIW 
tha,t tti6 chemical composition of these ce^ is the same 
tUm&a of plums and cherries (Drupaceae). 
concentrated hydrochloric 

-iTh© remaining inidls»q|ved la called drupose, wh^ 



very thick-walled, colorless epidermis (Fig. 20 e) lie fliree or four layers dt 
usually tangentially elongated or cubical parenc^ma cells (p) which are 
richer, in cytoplasm than the deeper lying tissues and contain chlorophyll, 
but no starch. The starch is found to appear gradually first in the inner’ 
flesh and its grains usually increase in size toward the core. Undernealil ' 
the outer cell layers, rich in chlorophyll, the deposition of the stone cell 
centres begins {st) . These form groups of a few cells in the normal flesh ; 
in the coarsh fleshed fruit they are separated only by small intermediary 
.areas of delicate parenchyma {zp). From the periphery toward the in- 
terior of the fruit, the stone cell groups become more scarce and the sur-'' 
rounding parenchyma assumes a stellate arrangement. 

In the first stages of the dise^e, we find in fruit, which is always green 
and hard, that, underneath the uninjured and colorless epidermis, individual 
cells contain no chloroplasts, but have a brown, strongly refractive cell con- 
tent, which is massed together in lumps. The number of these browned 
cells gradually increases and ruptures the outer skin. Beneath the ruptured 
place which, by the drying and crumbling decomposition of the tissues forms 
a depression (gr), a brown-walled dying tissue (br) is found in the 
midst of the flesh, which later may iruplure and form cracks. Often in 


these cracks, and always in the open peripheral pits (gr), may be found a 
colorless slender mycelium which is a subsequent infection and may hasten, 
the decomposition of the tissues. 

A most striking phenomenon is the .fact that when the pit has be«ai"‘- 
formed the flesh tissues no longer die and closed masses of newly formed ' 
schlerenchymatlc tissue begin to push out like cushions with a radial struc* 
ture (/), These cushions of stone cells force the dead bark (t) tissue Out 
and off. • ' 

In cross-section the*individual elements of the stone cell cushion; 
square or rhomboid, and lie almost unbrokenly upon oncianotter. Evefl tef 


with nitric acid and waahed with water, ammonia and alcohol this leaves 
a yellowish white ceUkilose. Erdmann concludes from his investigations 
substance of the'stone cells may be produced from a carbohydrate by t|i6 
water and nitrogen from starch or gum, while in the normal process 
water must be taken up for the formation of the sugar. 

The theory that the formation of Bugar and of cellulose are most do 
is given expression by DeVries**. He says that usually an accumtUiUi^h 
sugar is found in those yoiuis which later strongly thicken 
example, the bast fibres of clover as well as fibres of the Inner 
vascular bundles, which appear to be very thick walled in'a >nf> t-uf e 
rich in grape sugar in their younger, still thin walUbd stage, whil&<^a l|Qrm0^| 
imssue is poor in sugar or lacks It entirely. DeVries found the 
the young bast fibres of potato and maize. Even in the hairs, 
walled later, an accumulation of sugar takes place before the "Ihiellie] 
wails, thus, for example, in the hairs of young clover leaves, in 
however, no sugar could be proved. In the same way, according to 
can not be found lit the root parenchyma of this same plant, whi^e to-Nl 
hai^ it occurs abundantly. The possible transversion of cellulose ' 

BUgu* by the action of dilute sulfuric acid after heating id WdU*>k:^ 
the recent investigations on the Hemicellulosea; mannei^ 
dionld be compared. . m 


• Uebig*8 Anoal^, Vok 188, p. 101; olt im Jahreejj^cht 1. AgrlkuA 
188^. p» 90* . At ' 5^' y '*1^ „ * 

Zuckenlib^ ifi 
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sifly stages they iolor a bright yellow with Ahilin sulph. and when oldest^^: 
vill dissolve easily in sulfuric acid without any observable precipitation 
)f ’gypsum crystals. While the normal stone cdls' usually remain yelloW 
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bn bt a atone cell cushion from a pear diseased with LlthlMls. {Otis.} 
* Esplanatlon in text. 


from the eifect of einc tpdid of chlorid, the elements oh the schletencKynw 
cushions, which were formed later, turn blue after some time; either 
throughout or in the innermost lamellae of the walls. i 

The growth of these schlerenchyma cushions takes place in a meriste- 
matic layer (*») formed iindemeath the dead bark and appears at first as if 
it would develop into a flat cork layer, cutting off the centre of the diseas^ 
tissue, as may be observed in the Fusicladium cushions. This, however, is 
not the case. The meristematic layer is active as long as the fruit is green 
and growing. Toward the periphery it forms’ new thin-walled bark cells 
(usually in small numbers) which again are gradually attacked by bacteria 
and fungi, while on its inner side, toward the (usually seedless) core, the 
thick-walled elements of the stone cell cushions are increased. 

The radial arrangement o^he celt rows in these ^s explained by the 
tension of the tissues which the swelling of the unripe fruit- causes. If, in 
this, the new formation of stone cells is greater than the 'distension of the 
parenchymatous tissue of the fruit flesh, the stone celfe are pushed out like 
cushions. As a rule, however, both processes keep step and finally, by the 
deatlrof the pathc^enic meristem itself and the breaking of the connection 
between the outermost stone cells, is produced the crumbly constitution of 
the stone spots. , v ‘ 

It is a matter of course that fruit attacked by Lithiasis is unfit for . 
consumption. 

Since this phenomenon is not found in all varieties, and not every year 
even in the same varieties, but is a destructive factor only oh d^ soil in dry 
years, the supposition, that the stock used in grafting influences the problem, 
seems probable. Weakly growing stock which cannot take up sufficient 
amounts of water from a dry soil for a rapidly growing’ top, because of its 
small root area, will favor this stony condition. If, on this account, the dis» 
ease should occur repeatedly in the case of dwarf trees on light ground, aS 
attempt should be made to graft pears on the most rapidly growing varieties 
of quince. When standard trees are in question, an attempt to overcome tbd 
difficulty should be made by renewing the soil, fertilizing the sub-soil and 
watering abundantly; in obstinate cases, by means of renewal of the top by 
pruning after fertilization. Some method of forcing the fruit to (swell as 
rapidly as possible might best protect- it from an excessive formatioii of 
stone cells. * 

Varieties of Fruit Suitable for Dry Soils. 

The guiding idea of our manual is that many diseases of. cultivated 
plants may be prevented by a more careful consideration of the tsflaticm 
between the character and habits of the plant and- its environment. In 
accordance with this plan in treating diseases favored by drought, 
tion a number of well-known varieties suitable for dry soils'. “ P' . 

< Oberdteck, Deutichlands beste Obstsortsn, Leip^g, Voigt. 1831. ^ti.> InABSsll 
that the variety Is recommended to the agriculturist. Str. suitable loc. {jtatMlM'' 
along streets. The name at the month after that of the variety Indicateb -Qw 
complete ripening. ' .r*-*®*’ 



' ' Apples: Summer Rose, End of July. L. $tr , Scarlet Pearmmn, Au- 
-tuinn. L. Str., Landsberg, Autumn. L. Str., Dantriget, Autumn. L., Kihg 
of Pippins, Winter. L. Str,, Orleans, Winter. Str. (For the agriculturalist 
where the soil is better). Yellow Bell flower. Winter. L. Str., Alant, L., 
Peutscher Gold Pepping*, Winter. L. (must be left on the tree until the 
middle or end of October) , Kassler, keeps from' winter until summer. L. 
Str., Purpurroter Cousinet*, winter till summer. 

Pears for dry soils: Hannoversche Jakobsbirne*, end of July. L. Str., 
Clapp Favorite. August. L., Archduke, August. L., Yat, beginning of Sep- 
tember. L. Str., Kuhfiiss*, beginning of September. L. Str., Treyve, Sep- 
tember. Autumn Melting (Downing), end of September. L. Str., Bose, end 
of October. L., Marie Louise, beginning of November. L. Str., Mecheln, 
liecember. Madan^Korte*, January. Kengier, cooking pear for the whole 
winter. L. Str. 

Cherris, as is well-known, prefer a well drained, dry soil ; on the other 
hand, plums, on th^verage, flourish best in a moist, heavy soil and also 
they bear sweeter fruit. It is desirable to know a number of varieties re- 
quiring less water. Biondeck, beginning of August ; early Apricot, middle 
bf August; Lawson, end of August; Bunter Perdrigon, end of August; 
Berlepsch, beginning of September; Altham, beginning of September; Jerus- 
sjlem, beginning of Septembr ; Anna Spath, middle of September ; German 
prune, end of September. As a street tree, the plum is not very desirable 
because of its habit of growth. 

i i* As varieties which grow well on dry, light soils in the climate along 
the coast, should be mentioned’ : i. Apples: Landsberg, Purpurroter Cousi- 
' net’*, Oldenburg, Geflammter Kardinal*, Bauman; the Prinz (Downing) 
is especially suitable for the provinces along the Baltic and the North Sea. 
2. Pears :'Yat Bost, Red Bergamot, Summer Doyenne. 3. Plums: House 
-pliim. '4. Cherries : The common sour cherry. 

Stunting. 


' Since almost everywhere in nature similar effects are obtained by 
f different means, a. limited soil space may be only one cause of dwarf growth ; 
another is tht-lack of available nutriment due to either a scanty supplying of 
raw, Soil solution to the roots or to the decrease of organic resqjve nutriment. 
This latter cage we will have to consider again later in the “Pincement Grin,” 
in. the pruning of leaves to prevent the sprouting of the buds found in 
3Uid in the production of dwarf seedlings by cutting off the 
^c%l^ons which are rich in nutrition. 

■ In nanism, however, caused by soil physically unfit because of too greal 
water scarcity alone must be considered. Given a soil rich in mineral 
food substances, the size of the plant depends upon the disteftswr 

of viuiety given In the German original, not reported in the tjnlte^ 
(ttn- vv^tten communication of Mr. KUtsing (owner of a 



oi the individual cells, due tp the tui^or ptndu^d % the water from 
roots, and the conclusion is'at once reached, that a scanty supply of W^t 
during the time of growth must produce small dwarf^specimens. Each 
excursion through sandy regions, in which a damp subsoil is either lacking 
or lies very-deep, furnishes examples enough for this fact. I have published 
detailed measurements concerning the shortening of cells due to a scarcity 
of water^. Moller^ furnished experimental proof of dwarfing due to scar*' 
city of other food substances with an excess' of water and also confirms the 
principle that in slightly concentrated nutrient solutions the root increa^efe 
relatively in size. Mobius^ has arrived at the same result in his comparative 
cultures with Xanthium in sand and loamy soil. He found the roots and 
stalks of plants grown in sand branched more than those of plants grown ih 
loamy soil, while the leaves were more slender and#he glandular ham 
fewer in number. On the other hand, in plants grown on loam the contedt 
of calcium oxalate crystals seemed smaller. The thorns were smaller (di 
sandy soil, but the walls of the lignified cells seemed ronsiderably thicker. 

Comparative studies of the influence of dry or wet localities were made 
by Duval- Jouve'*. These proved that in dry, hot places, a formation of the 
hard, bast bundles is especially favored, but is retarded in shady, wet post*, 
tions. Volken’s observations' on Polygonum amphibium in the forms growafi 
in sand, heath and water, are very thorough. In the sand form the circojpr'l 
ference of the stem is smaller, at the expense of the central air canal ; -the- 
bark cells are more heavily thickened, while ‘between the bark and the 
phloem, a rather broad ring of uncommonly thiclj mechanical cells jsjeh- 
closed, A closed wood cylinder is formed, the vascular system in whfSi'U 
almost 2 to 3 times as strongly developed as in the water-gfown sli^i^^ 
the latter, the absence of thick-walled elements and % occurrence df 
air holes facilitate floating. The petioles of the Water ?orm, which hats® ao. 
mechanical reinforcement, may become six times as long as in tbetUnd'fonCt; 
the midribs of which are strengthened by strong collenchyma cords; . 'The 
palis^e cells are more strongly developed in the water plants, huti fihese 
lack, on the other hand, the strongly developed bristles on the upper iur- 
face and here ^Iso the someVrhat larger epidermal cells which in tfiif land' 
form contain a slimy content, explained by Volkens as a water reservoir in 
times of great drought. In the well-known Rose of Jericho (Ama^fgtica 
hierochuntica) , that plant of the desert which closes together liksp a l^std 
when dry, the inclination of the branches toward each other arisest from the 
fact that the wood cells on the different sides of each brancfi-lt^sess a 
different capacity for swelling longitudinally, which goes hand i^.j^d.With 
an unequal lignification. 

1 Sorauer, Bot> Zeit. 1873. 

2 Mdller, Beitr^e zur Kenntnls d. Yerzwergung. Landw. A 

^ M5bius, M., Ueber den Elnduss dee Bodens Stl^tur VOA 

fpinoeum usw. Ber. d. Deutsch. Bot Ctcs. 1906, Vol. XXII, Part 10. • ' 

* Duval- Jouve, Anordnung der Oewebe Im Blatte der QrtlBer. , 
Just 187S, s ^ -L 

B Yolkelis, Besiehungen zwlffchen Standort und anaAomlaohett Bfru 
tionsorgane. Jahrb. d..KgV Bot. Gartens zU Berlin. *¥>1 18H 

Centralbl. 1884, 46. ' 
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gi8SJ*rOin Uic^begmmng «ne must note that every limited supply of nutri- 
l^t which leads to nanism must express iftelf mostly in the amount of 
lli^ional growth, i. in the formation of the secondary tissues. An ana- 
JttlDiieal proof of this has been furnished by Gauthery*, who cites cases 
:vj'hen the cambium has formed anew only a few rows of cells. Often he 
could no longer determine any meristematic zone whatever between phl(Km 
wd xylem ; therefore, the original cambium must have passed over at once 
into permanent tissue as the result of deficient nutrition. 

In the plants which are forced to grow in sandy or stony soil, often . 
with a lack of water, a form of hyperplasia^ (arrested developments) 
^appears. It is not so much the number of the cell elements which seems 
to be decreased, as their size. Thus specimens are formed which we would 
li^e to call plants." By this is understood woody plants, the growth 

of which is not retarded to dwarfing but which, by the striking shortening 
of their axial oigans, show a repressed, kiarly habit of growth. 

In this habit of|;rowth the very evident, increased spiral twisting of the 
woody elements of the trunk counts as a typical characteristic. The finest 
examples are seen in Syringa and Crataegus. We can explain the production 
fof the increased spiral twisting if we think of the direction of the woody 
^mUs as the diagonal of the parallelogram of two forces. 
liV At the apex of each elongating axis there is, on the one hand, an effec- 
ftiSve striving toward growth in length in which the elongation of the pith 
'lupdy becoAes a decisive factor of swelling; on the other hand, the general 
^iihfcgement of the young cells acts also as the cause of the radial enlarge- 
of the trunk. In considering a very young wood cell in the cambial 
stretching longitudinally, we see that, as the growth in length predomi- 
over the grov||^ in thickness, it is relatively difficult to divert the cell 

K its longitudiial growth. However, as the abundantly formed young 
ce%. during etengation, are pressed outward by the growth in thick- 
pf the medullary cylinder in the direction of the radius of the trunk, 
aately just so much the sharper will be their spiral twistipg. On 
i^i^Xccnuot we find long slender shoots with a slight spiral twisting in 
on moist nutrient soil, and on sandy soils poor in water, or with other 
to growth in length, plants having short axes with strong twistings, 
'■^^.g^rmation' of the hypothesis is found in the "enforced twisting” to 
later. The more the stems are distended like barrels, the 
spiral twisting of the cords of the leaf spur, 
nrion this point because the occurrence of such strongly twisted 
i is valuable as a symptom in judging the soil conditions. 

PiLQSIS. 

^ frozen dry soil soon have a hairy appearance, even if no^ore 
i^ed than on specimens of the same variety growing in damp 

'to, Beeberches sur le nanlsme vegetal. Ann. sc. nat. Bot 1899. Vllt 
-iteHininfflachB Pflansenanatomlc, Jena 1908, p. 21. Here abundwrt: 



places. If a definite number of hairs are fonced mi a leaf, these are closet^ 
together in a pven small ar^, because the epidermal cells separating them ■ 
are shorter. This partially explains why alpine pllhts appear to be less 
pubescent when grown bn plains. These plants grow more luxuriantly, the 
dimensions of their organs become larger and the hairs are separated further 
from one another. But, in fact, even in dry localities, an increased hair for- 
mation takes place. Thus Moquin-Tandon* cites observations by Liuneus, 
that the Lady’s Thumb (Polygonum Persicarta L.J seems very smooth at 
the edge of bodies of water, but beset with hairs in dry places. Our field 
thyme (Thymus Serpyllum L.J loses its glaucous surface at the sea shore 
and acquires a short, hairy covering. Our Turk’s cap lily (LUium Marten 
goH L.) when cultivated for some time in gardens is glaucous, but becomes 
pubescent again, like the wild plant, when grown on poorer soil; etc. Such 
phenomena may be observed alSo in garden plants which, self-sown, grow 
on sandy places in the fields. • > 

An unusual hair growth takes place, further, in many parts of plants 
when they no longer develop normally. According tp Moquin-Tandon, the 
stamens of the triandrous bindweed are covered with thick wooly hairs. 
The stamens of several kinds of Mullen (Verbascum) behave similarly if 
the anthers become deformed. The peduncles of the smoke tree (Rhus 
Cotinus) are almost without hairs before blossoming and if they bear seed. 
If, on the other hand, the fruit does not mature, the stems of the sterile 
blossoms grow longer and numerous, long, violet colored hairs appear on 
them. The last-mentioned formation of hair does not belong among 
phenomena connected with drought, but should be considered as a process 
of correlation. The water and nutritive substances, which should be utiliaed- 
in the maturing of the anthers or seeds, are used in ajgreater m^asutE.ftjr 
the benefit of other parts of organs, when the sexual organs are destroyed. 
Possibly the phenomena recently observed in parthenafenesis belo|g inq)4rl’ 
here, where the micropyle is stopped up as the result of the hair-like, dlMl- 
gated cdls of the style tissue or of the integuments'. . 

Also, we find in the root system that pubescence varies accordmg' to 
the place where the root is kept. In the same varieties, the whole system 
can develop into the form of long, slender, whip-like, scantily bratched,; 
bare, or almost bare roots, if the root axis dips into water or into porous 
sand saturated with water. The root branches become shorter, ■ fltdrt 
knarled, branched andq)ubescent, the drier the soil is in general j-’-djfettnore, 
therefore, that the root is obliged to depend only on the moist air of 
interstices. In air which is absolutely dry, the roots (accoTdiq| 
secke’), do not develop any more hairs. If the roots are exposed; 
air, the young tips, just behind the growing apex, become very 
causft almost every epidermal cell has pushed out into a i '"'p, 

— — — ■ fi- 

1 Pflanzeu-Teratologle, translated by Schauer* 1842, p. 61. - 

2 Winkler, H., Ueber Parthenogenesis be! Wlkstroemla. Ber. 

Jahrg. 1904, Vol. XXa, p. 578. ' ‘ 

* Fersecke, Ueber die Formveranderujig der Wttriel liis Brde, 
JnahguraldiMertatlQn, Leipzig 1877. 
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,•/ In. the aSrial parts of plants, which are accustomed to dry air, the de- 
Ipree of humidity must be strikingly low if the formation of hair is to be 
;^iMtly stimulated as ‘C. Kraus* states when writing of potato sprouts. In 
t/iiy moist air potato sprouts from the same variety are hairless, or have 
^nly a few shortish hairs. Therefore, in aerial organs, it is the influence of 
moist air in contrast to dry air which prevents pubescence. In roots, de- 
pending mostly on water, the same effect is obtained by a continued supply 
of water just as the influence of moist air favors pubescence. 

An extreme formation of hair on aerial and subterranean axes is there- 
fore, the result of causes acting in the same way ; the usual necessary amount 
of water is^withheld from the plants at the stage in which they are develop- 
ing. 

In explaining the fact that greater dryness of the environment favors 
the formation of hairs, Kraus and Meri hd^e cited the phenomenon that the 
organ’s growth in length is modified or arrested with the formation of 
hairs. Both investigators are of the opinion that the material saved by the 
arrested elongation of the cells of the axis, is utilized for the formation of 
hairs. Besides the examples of Rhus, etc., cited above, Heckel’s* observa- 
tions support the theory that a scanty formation of other organs goes hand 
in hand with a very abundant development of hairs. Heckel found speci- 
mens of LUium Martagon L. and Genista aspalaihoides Inm. with an un- 
.usual hair covering together with a reduction of the blossoming parts, 
Kraus emphasizes the fact that, with the decrease of growth in length, an 
’increase in turgor takes place ’transversely in the whole organ (as we have 
'turned in the development of the pith of stunted plants) which eittends tc 
"the epidermal cells and excites these to the pushing out of hairs, Vesque*, 
.like Mer and Kraus, states that increased transpiration favors hair for- 

* -Atticks of parasitic animals often excite the epidermal cells to an 
eaSgmous, fine growth of hair, for example, such as mites which injure the 
- leaves with their mandibles and thus produce the so-calle.d felty dis- 
These hair formations are described under galls. In the older my- 
such hair felts, produced by the sucking stimulus of mites, are de- 
fungi (Erineum Pers. Taphrina Fr., Phyllenum Fr.). 


Lignification of Roots. 
ke lignification of tuberous roots is due to the return to the original 
'fctous woody condition of cells in the vascular bundles which, 
bfd&ation, have become parenchymatous. The carrot, for example, 

' 1 us as food, descends from a plant whose root consists of a 

Beobachtungen fiber Haarbildungen, zunachst an KartofteIk|lmen. 
'&chea aapfirlmentatea sar !e, ^riattlons de dfivetoppement dea potis 

vSgmux. Compt. rend, t XCI. 
Plea et snr lea Hmltes Sea variatlvns de structure dee vdgdtaiw 

■ 11)1.^84, No, 22, P- 259. 


strong, hsird, wood body with a thin, tender bark. The cells of the 
tissue, like all the other wood cells, are thick-walled,: sfandle-shaped tuad. 
wedged between one another. In the cultivated root, instead of these wotrf : 
cells, thin-walled, short cells are present, ending almost bluntly ag^nst one’ 
another* and even the ducts which' lie in scattered groups betwfeehjthe pat* 
enchymatous cells are but little lignified. The latex tubes already formed in 
the bark, when spiral porous ducts are produced in the wood body, have 
broadened like all the cells of the bark. Instead of the starch which, in the 
wild carrot, fills out the whole bark tissue, occurring here and there in the 
wood body also and increasing to 70 per cent, of the dry weight, sugar has 
been formed usually in good table carrots so that only traces o*starch may 
be found. The better the variety, the less the starch content as in the 
Dutch pale yellow and the Duwicker carrot. Gradual transitions are found 
back toward the wild plant in ofter cultural varieties used as fodder, such 
as the Altringham carrot and the white horse carrot. Specimens of ail 
varieties found on poor soil go to seed as a rule in the autumn and are dis- 
tinguished by a thin, often divided, root which, because of its lignification, 
recalls clearly the ancestral wild carrot. The same behavior is character- 
istic of the turnip-rooted cabbage, Swedish turnip, radishes, Kohlrabi, etc. 


These differences are best made clear by comparing the anatomical 
structures. In Fig. 21 is shown a longitudinal section through a two-year 
old wild carrot. In this figure a is the vertically elongated parenchyma of ^e 
pith-like central part with scattered spiral, porous ducts; b the xylem, maifc 
up of spindle-like wood cells together with ducts and the part of the medul- 
lary ray which extends toward the secondary cortex ; c the cambium whidi 
has become an elongated, thin-walled parenchyma ; d the secondary cortgx 
with its resorption spots which follow the course of the latex ducts; « 
primary cortex ;/ cork. . 

Fig. 22 is a corresponding section from a two-year old cultivated carfii^' 
The letters in both figures indicate the same parts and a compaiisotf p£'^ 
similarly designated tissues makes very clear the change in the. 
and the increase in the dimensions of the secondary cortex in the^.'Calt^sd'^ 
carrot. ; , " 

In all tuberous vegetables lignification also occurs nbrmaBiy ' 
grow too old and then this process, as in individuals 1 
is accompanied by a partial disappearance of the sugar. t ^ 

It is well-known, from experience, that many of our 
lignify in hot climates. Precautions against this latter cohdituftf^i^ 
to find since the tropicil warmth and excess of light favor 
In cultivation in temperate climates, lignification can cer^hh 
abundant watering and fertili^g; — only care should .be tab 
the land is deep and the seed good. Special attej^On shou 
the choice of seed, because seeds fron^ry localitie»carry w.^ 
er tendency to Kg^ification and.tp a rej^ted divisioit of | 



Ball Dryness of the Ericaceae; 

""SijsrThe peculilr sensitiveness of the roots to drought must be taken into 
c^gideration when growing the numerous species and varieties »of the 
..Ericaceae as Erica, Azalea, Rhododendron, etc. These plants cannortndure 






gracilis which, ^fter they had dried out, had beett subsequently ^aked 24 . 
hours in water, and found that the fine root ends wer«^ stilh shrivelled 
despitq the soaking. The character of most Ericaceae, as moor eUid heath 
plants, is shown by the fact that (with the exception of a few varieties) 
they thrive best in a freely watered, easily drained, aerated soil. Id growing 
plants in small pots the need of roots for air must be given the greatest 
possible consideration. The Ericas soon become root bound. The platiil 
easily beconfe sour in large pots. The Erica and Azalea drop their leaves 
when dried out. It is wrong, however, to try to repair the previous mis? 
take by setting the pot in water and, after soaking up the earth, to place 
the plants in closed cases in order to reduce evaporation as far as possible 
and to cause turgidity. The plants should be left, on the contrary, in their 
customary' place, but strongly shaded during the middle of the day. 


Means of Overcoming Lack of Moisture in the Soil. 


If a lack of soil moisture is manifested by the failure of vigetation or 
by its degeneration, as usually occurs more frequently in sandy spils, one 
naturally seeks relief in irrigation when possible. This artificial supply of 
water not only refreshes the tissues, but also, by dissolving the nutritive 
substances in the soil, it is possible for the plant to utilize and distribtrte 
these. 

Irrigation. 


With the frequent lowering of the ground water level, irrigation be- 
comes a vital question and an acquaintance with the results of Koifig’s’ 
investigations on the effects of irrigation water is interesting. One lea^t 
accordingly that when a meadow is being irrigated the water loses much of- 
its nutritive material and appreciably more during the warmer seasons, tiian 
in the colder ones. This loss, however, is not true of all nutritive substan^f. 
If the carbon dioxid content of the irrigation water rises, the calcium, atid 
magnesium nearly always increase instead of decreasing. As in the cUm 
of carbon dioxid, mis quantity seems to rise and to fall with the intensily 
of the oxidation in the soil. In contrast to the abovemamed nutritive sub- 
stances, potassium appears to be absorbed at any time by the soil since, yirilh 
irrigation, even in the winter, a slight reduction of this important 
can be proved in the water. Sodium, or rather sodium chlorid, juatfSke 
nitric and sulfuric acids almost always showed a slight increasV.A|uiit% 
winter irrigation, while during the growing season they decr&se, i. e-., 
are taken up directly by the plants. » 

Konig concludes that the oxygen of the water acte as a.purifie^.«|^^ 
soil by oxidizing the organic soil contents. This oxygen contiat, 
according ta the kind of water used in irrigation and^he 
fotmd it greatest in spring, smallest in summer, increasing 
autunui. Spring water is much richer in oxygen than river -wjitef.’l^lSw 
has passed through inhabited places. The opposite is true tbe 


» Jaumai (Br I^ndi^rtscluilt. J»6Tg. T880. ViA 28. Part 2;. ■ 
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sabstances which are taken up from the soil by impoverished,, 
water, which has a small oxygen content, but are deposited, on the 
hand, by the richly saturated river water. 

. ? At a depth of 40 cm. during the colder seasons temperature observations 
show that irrigated land is warmer by varying amounts, even up to 2.8°C. 
To this increase in temperature may be ascribed the fact that in irrigated 
nteadows, i;rowth begins earlier in the spring and continues later in the 

autumn. • 

Konig showed by an experiment in which he artificially mixed sewa^ 
with the irrigation water, how quickly the subsoil shows its absorpticM 
qualities, if the soil is not saturated and the irrigation water is heavily 
charged with fertilizing matter. After the water had been used once, it 
cdtld be proved that the soil had taken up 84.5 per cent, of the organic 
substances; 74.2 per cent, of the ammonia; 81.6 per cent, of the potassium 
and 86,8 per cent, of the phosphoric acid. After the same water had been 
used twice again the presence of these substances in it could not be proved 
at all. Of course these figures hold good only for this experiment and vary 
according to the saturation of the soil and water; they have therefore, for 
example, no value in irrigation with liquid manure, in which the soils must 
become surcharged with nutritive substances in a comparatively short time. 

' Klvertheless, experiments show what varied advantages can be obtained 
i with tbe right use of irrigation. The importance of watering the soil arti- 
ifiVaally is becoming morffand more acknowledged. The best proof is found 
‘ in the transactions of the land, cultivation division of the German Agricul- 
Society^ in which questions referring to the direct supplying of water, 
of 1^0 ground water level, have'already been brought up. "^e sys- 
I'tto known at present have been partially explained by means of illustra- 
tes. The transactions have led to a direct commission from the Directors 
society, "that they should take up the question of the watermg of 
SJiid with the greatest possible energy.” 

Cultivation of the Soil. 


• At .present, in large plots of land, it is possible only in the rarest cases 
' to pWide for irrigation without considerable expense and therefore cheaper, 
effective, means are more often utilized. Such resources are found 
^S&WOTkfeg the soil. The breaking up of the soil is most advisable. Some 
'■ •ipSlirical woilers maintain that cultivating the field soil cannot possibly aid 
'-Sl^ttetention of soil moisture, but that this manipulation niust rather be 
as the quicket way to remove more water from the soil. This 
“Iriftview is eiToneous. as is shown by many experiments. The mwt 
Wollny’s*, who has worked with control experii^ents and has 
|*at if the uppermost layers of the soil are broken up, they dry mote 

aer AckerbewSsserung in Deutschland. Arbelten d, Deuta^. 
Oeaterr. landw. Wochenbl. 1880, p. 151. 



quickly, to be sure, but, by this means, save to a extgrt dw 

supply in the lower layers of the soil ’ - . ■ =• > 

The warming of field soil by insolation* ts aeration when winds bloi# 
over its surface and all such influences, remove the water from the uppe^^ 
layers of the soil to a greater extent than can be restored by capillary at- 
traction for water from the lower layers. If now, by breaking jip the sur- 
face, the interstices between its particles become considerably e&rged, the. 
capillarity is decreased and the water no longer rises into the larger in'- ; 
terstices of the now crumbly soil. The more quickly the soil is brokeq into 
coarsely friable pieces by chopping, hoeing and removing the turf, the more 
the ‘drying out of the lower layers, where the roots are found, is delayed.^ 

The opposite result is obtained by rolling the field land: In this 
most of the spaces, where capillarity did not act, are rolled close togetfflr. 
Capillarity at once becomes active and the upper surface remains moist for, 
a longer time. Under certain circumstances, however, rolling may also be 
recommended as a means of retaining moisture in the soil. This will be 
expressly suitable for all very porous soils with a scanty water capacity qnd 
an abimdant subsoil moisture, since, by hardening the surface, its evaporation 
is,«duced, while the conducting of water from below is increased. Itt^ 
heavy soils, with a high saturation capacity, rolling would naturally be di- 
rectly injurious. 

Mulching of the Soil. 


Instead of breaking up the soil, its surface wo^ be covered with a rtiore.. 
porous material. In this connection advantageous results can be obtains^ 
even by coverihg the surface with sand. This changes favorably the'feoi^l 
ditions of moisture and of warmth at the same time, for, according 
Wollny’s investigations*, the temperature of the soil is considerably^^, 
duced by breaking it up, since the conducting of heat in the friable layi|':||., 
decreased by the considerable amounts of enclosed air. In the saffle.SKi^; 
soil provided with a sandy covering is colder in the warm seasons th^ U)#'< 
covered soil, becatse the light color of the surface decreases the absorptiqn, 
of the heat rays, and the considerable amount of water held back ui^f the 
Sand is warmed with greater difficulty. If the upper surface of 
itself dries up, its temperature must increase because the evaporation^whk^ 
uses up heat is at once prevented. 

Breaking up the soil and covering it, therefore, modify the'extqfi^ oi, 
temperature, but are also valuable in still another way. 

Wollny (loc. cit. p. 337), it is shown that during the wanu seas^.^J^ 
siderably more water from the same amount of ptecipita|ioil 0|tf***~* 
through the soil when covered With sand than through uncovered 
takes place because the soil covered with a layer of sand (eve^if;* ^ 

1 Wollny In Oesterr, landw. Wochenbl 1880. p. 214.* Nessler, Bod. 
pondenzblatt 1860, p. 280.- Wagner, P., Versucho tibor das Austro^no^ MJ* 
bei Terscbledenen Dichtigkeltsvorhaitnlssen der Ackerkmiw. Ejmcbt «tlf 
suchssiation Parms^^t 18^74, pp. 87 ft- v. Klsnse, Laodw. Jahrb, 

7 * japfluss der Abteocknung des Bodens aui dasssn X«mver®Juf»^p5;j 
F^Hf^ungen a. d. Qsb. d. Agtllculturphysll^ ^880,'|kftg^ 
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IPlil^i^etre Uitck). remains richer in water, i.e. becomes saturated ntc^' 
;j|t 4 ddy and therefore lets more water flow into the deeper l^rs of flie sub^ 
-*#. The same result is sho^n by covering with ochre, such materials 
■jil# stable manure, straw, tan bark, and even with stones. Soil covered teith 
' |;rowing plants is even less pervious than the naked earth. 

Some practical workers recommend the use of peaty earth o» s<mdf 
- Jot/f. Thus Walz' made use of the upper layers of a peaty deposit which 
were 6 to 8 cm. deep and useless for fuel, in order to cover a field of poof : 
sandy soil 2 cm. deep, in February. Later this surface which had beep 
covered with peat and one adjoining it, but not so cohered, were ric^J 
fertilized with stable manure. In the heat and drought of summer, 
maize planted on the field mulched with peat showed a better growth and 
furnishe 4 a higher percentage of yield. In the same way, later crops were 
found to be more luxuriant on the plat of ground mulched with peat. 

' The value of the peat, which Nerlinger' has demonstrated in exact har- 
vest results, arises from its ability to soak up and retain the fertilizing 
substances which otherwise, in sandy soil, would be washed away. I have 
letermined experimentally’ that fertilizing makes it possible for the plants to 
jive a better yield with less water, which explains the more favorable be- 
hayior in time of drought. 


Soils With a Plant Coveh, 

i ' been said that soils with a cover of living plants allow 
drain through. This is explained by the fact that pfent 
•ater. Comparative experiments’ prove that the water in 
lickly exhausted with a thick stand of plants, even if this 
lot increase proportionately to the density of the plant 

isults, the difference between a bare, broken soil an(i one 
ase turf during hot,, continued dry weather, can be ascer- 
;, in nurseries on porous soil, it is by no means a mattei 
lether it is often hoed or whether turf and weeds are al- 
lense covering. It is not a theoretical conclusion but m 
id fact that occasionally premature ripening ana sterility 
ruit trees, because the weeds and turf have taken up the 

,nd trees in beds, if the seedlings do not make a dense 
elopment is threatened. Gravelly soils without sufficieni 
e.«lso a menace for older plants from 10 to 15 years ol 
protection is not given on any side by larger plantations 

Itinclw. Ver. in Bayern 1882; cit in BledSroann’B Centr^bl 

Ku Jfn’Sn ttber Verdunstung, Forseh. auf d. Gab. .< 

Snlh^Ue?Pflamendecke und 

Frucbtbarkeit^des Bodena. BetHn, Parey, 1877, 



The forester cMisiders t*trfed Itu^ as a favoring factor, itrefedna hSe 
water of precipitation and by the quick evaporation withdraws the water' of ’ 
the subsoil. Places almost circular are sometimes found in forests about the' 
base of the trunks where no second growth lives. This circumstance is 
ascribed to the reflection of the sun’s rays from the smooth barked, brandr- ' 
less trunks (beeches, birches, firs). The sun rays flashed from the mirror- 
like bark dry the soil to a great extent. This condition can' be overcome 1^: 
various means, among which growing plants by natural seeding is recom- 
mended, since the plants so produced will adapt themselves to the locality. In 
places, which must be planted, material should be used which has been 
transplanted once in the nursery and, after the plants are set out, the soil 
should be shaded most carefully. Besides this, all conditions should be con- 
sidered which in general may be recommended for overcoming the lack 
of moisture, such as the protection of seed beds by walls, fences, rows of 
trees, or by closely set brush, hilling and especially breaking up the soil, or 
even fertilizing, since this means a saving of water. Sprinkling with water 
is advisable only in the most extreme cases of necessity. In brushing the 
edges of the beds the use of conifers, especially the Weymouth Pine, is 
most to be recommended, for spruce brush sheds its needles too quickly, 
and makes a warmer cover. Fir may easily be set too densely and the 
leaves on branches of deciduous trees wilt too quickly, hence they do not 
afford shade to the soil which dries out too rapidly. , 

Wollny has shown by experiments that seed and turf burn out if sown? 
too thick, while vegetation on the same plot of land remains ■uninjured 
if the growth is more broken. A 

He found that when the seed had been sown with a drill the soil be^- 
tween the rows lost less water than that in the rows themselves and 
further the plants stood from one another, the more water was retainedxiij. 
the rows as well as between them. Therefore, the proper adjustment] oftp_ 
quantity of seed to be sown on soils poor in water, will also assist in cor'rect-: 
ing injury due to drought'. 

Only in very definite cases can an overplanted soil be proved more a4r' 
vantageous than bare soil. By an open growth of short-lived plants (6 a 
cover crop, water can be retained on sandy soils for later seeds. If, Seeding 
of the quick growing plants takes place in the autumn or early sptangi^^ 
time these plants most need water will come during the autumnal, oC'Spring 
wet season, so that when the dry season comes, they are ready to 
and requite relatively little water; — rather, by shading the soil and ot 
forming of dew, they retain for the more superficial layers*''a 
moisture in which seeds sown later, and also delicafe . seedUngs^ 
developed which otherwise would have dried up on bare soil. ’ " ' 

Forest Litter. ’ ; 

f It should not be forgotten that any cbvering of the 
;aerati(Hi of the land and therefore; for the maiiitenance of fertiiityi^4m 

* t destfUF. te^w.jVroClMnblatt U8^,p. 2S>. . 
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of carbon dioxid in the soil must be depended upon to disintegrate 
*■*'*_, rock; hence great care must be used in the 
covering. How much the mulching disturbs the cireu- 
ij^on of fte air is shown by Ammon’s experimentsh With 40 mm. of water 
'^ptessure in an hour there passed through a layer of earth 19.6 sqj cm. in 
■ cross-section and 0.5 m. deep, the following amounts of air; 


With a Grass Covering. Straw Covering. 
i-6o 1. 6.30 1. 


Uncovered. 

7.32 I. 

In better aerated soils more carbon dioxid will also be .produced and 
this, in spite of its increased elimination into the air, will ‘make itself felt in 
an increased amount in the soil. The result of letting the soil lie fallow con- 
sists directly in the greater production of carbon dioxid due to the action of 
micro-organisms and to the greater decomposition of the rock debris. 

Another disadvantage of mulching is the lessened availability of the 
precipitation for such covered soil. The amount of this disadvantage will 
vary according to the kind of covering. It will increase with the increased 
sponge-like substance of the covering. Riegler’s* statement may serve as 
M example of this diversity. He tested various forest litter and peat moss 
(Sphagnum) as to permeability. Of the 500 g. of water, sprinkled daily in 
S fine stream on the air-dry litter, the following amounts were absorbed or 
rah throught 

' Beech Litter Hemlock Litter Sphagnum Turf 

,;i ! ■ , Ran through-absorbed. Ran through-absorbed. Ran through-absorbed. 
# day... 400.3 99.7 441.3 58.7 216.0 284.02, 

day... 487-6 12.4 499-6 0.4 493.5 6.5 g. 

This sprinkling corresponded to 10 mm. of rain and accordingly possi- 
b§‘'iao per cent, of the falling water was retained by beech litter, 12 per 
Giatfeby fir and 57 per cent, by moss. The mulch was 8 cm, deep all over. 
From Riegler’s other tables it is found that, in the next 3 or 4 days, still 
^ater amounts were absorbed daily, gradually up to the 9th day the litter 
Swaaie so saturated with moisture that almost all the water which fell upon 
A fiai SS. Tmi mm. of rain setting in after hot, continued dry weather, wet 
'^.eartit jtmder the beech mulch only to a depth of 8 mm.; under the fir 
iikt^eb, 8.B mm. ; and under the moss, 4.3 mm. Besides this, the conditions 

Recording to the strength with which the water falls on the mulch. If 
finely distributed, was sprayed on the moss cushion, 70 per cent, 
t given moisture was soaked up, while of the same amour# of water, 
^ ^ the form of a fine running stream, only 14 per cent, was retained. 

Forests. 

iK^lfecs^imity of larger tracts of trees, viz., forests, must be considered 
^^^idl^vtng tile moisture in the soil of cultivated land. Accortffiig 


CentralbL 1880. p. 40B. 

at# 8. Oeb. d. Asrikulturphyslk, 1880, pp. 80-18: 
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to Slatthieu’sV observations, extending over n' y^rs, the air in 
1.5 m. above the soil, is on an average colder than above bare ground, Uls, 
difference being the greatest in summer. The forests esSbrt the same de-, 
pressing influence on the mean air temperature as they do on the temperature 
extremes, vrhich are less in forests. When the temperature differences 
amount perhaps to onIy,o.5°C., they are perceptible when a rain cloud passeis 
over the region. Air will become saturated above the forest sooner than 
above uncovered land. Thereby the rain will begin sooner and be morfe' 
abundant than on the land which is not forested, dn fact measurements of 
Matthieu andfautrat* prove greater amounts of rain above forests. Hygrd- 
metric determinations have shown that the weight of water vapor in one 
cubic meter of air above a spruce forest amounted, on an average, to 8.66 g., 
while above forests of deciduous trees it amounted to 8.46 g. ; above un- 
covered soil at the same heig^it (104 to 122 m. high), at a horizontal distance 


of too m. from the' conifer forest, to 7.39 g. ; at the same horizontal distance 
from the deciduous trees, to 8.04 g. Thus the proximity of the forest in- 
fluences the moisture vertically and may also exert the same influence 
horizontally. » S 

i, Fallow Land. i -. 

‘'Fallow Land" has less effect on the retention or increase of the water 
supply in the soil than on the accumulation of nutritive substances. Accords 
ing to Wollny’s® statements, the peculiarities of fallow land may be sun«E 
marized as follows: — Soil lying fallow is warmer in summer and colder % 
winter. Fluctuations of temperature are greater everyvJhere in fallow lai^ 
than in soil overgrown with plants. During the time of growth»tKe 
covered by plants has always a lesser water content than when' lying falEd|^ 
This greater moisture content is retained in bare soil even when wor^^ 
more frequently. Bare soil also gains more from atmospheric precipita^^ 
since, during the time of growth, considerably larger amounts of Wftt*!r:)^(i(ate 
colate through soil lying fallow, than in fields provided with .a> g^yo&^ 
plant covering. From the standpoint of nutrition the carbon dioxid eoo.; 
tent of fallow land is most noteworthy. Wollny’s researches show .tliaf 
air in fallow soil contains approximately 4 times as much cart)on'.idi69i;fdf^ 
in grass land. Therefore, the means for the solution of mineral elem^feilf ^ 
soil are present much more abundantly ; which explains in pat| 
accumulation of nutritive substances in fallow land. This 
ment also depends partially on the quicker decomposition 
substance9because of the greater teipperature fluCtuationkj^tfae's^^^^H 
moisture and the more vigorous activity of the micro-organisfla^fcsItiidn^S 
however, be pointed out finally that soils with less power, fOr’holdii^tMn 
and in greater depths (sandy soils) with their greater 

r Matthieu, MWor<4(«le comparee a^lcole et loraetiare. 
f^n’sc^unsen auf d. Geb. d. Agrikulturp^^lk 1878, pp. 422-488. ' , * >*3 

« Uebtf den Elnfluss der W^er, den PffllfflB 

uttd die Asulte)iui% der WaaserdlUnpfe duroH die Flcfaten. Ane 
rToL 88. liTe, 34; tit. Bied^mann’e Oenti^bb t Ai^kttlturdtlbRile. 

. A WoUbjp Die 'W'if ^ d^ Breche. 
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^Jsiderahte part of the plant nutritive substances whidi are washed away 
^jtp-the subsoil. - Such soils therefore, conversely, must be kept under a 
l^ivering of plants. 

'•■iy Local conditions must show which' one of these means can best be used 
! tdfprevent a lack of moisture. In any case it is evident that we do not stand 
:^werless in the face of drought. 

b. Loamy Soils. 

General Charact|;ristics. 

‘ In considering physical influences injurious to vegetation, we need not 
distinguish between loam and clay soils. We are concerned always with 
ttuxtures of clay and sand and only the proportions of these two elements 
dffier. The sand content decreases more and more from sandy or “mild" 
doaiSi to strictly loamy soil and to clay soils, which are plastic in a damp con- 
'diiion; in them predominate the fine particles so easily washed away. In 
bur agricultural land, mixtures of lime and humus will also be of importance 
jas modifiers. Lime will make heavy soils more open by increasing tbeir 


■JTVMlUluy. 

, Fertility is directly dependent upon friability, hence plastic clays are 
.sterile. Non-friabl.p clay soils are impervious to water, and, in level places, 
^aily give rise to the formation of swamps. The smaller the size of the 
soil particles, the greater will be their water absorptive power so that very 
‘ ‘Sigiiifi^nt changes in volume occur with extensive, rapidly successive differ- 
sQ the supply^)! water. Upon this depends the characteristic cracking 
soils when drying out. Soluble salts can be washed out of clay 
only with difficulty. 

S This drying out is much more dangerous as the soil approaches pure 
When once dry, clay takes water up again very slowly since it 
-■^jafirpenetrate Snly with difficulty between the closely packed soil particles, 
peculiarities decrease proimrtionately as the admixture of sand in- 
Diying out in summer becomes at times more dangerous in heavy 
sandy, especially if a vigorous growth of trees has developed 
which at best are poor in precipitation. The summer rains do 
to make good the loss of water. These soils are dependent 

I oisture. Hence the plant growth suffers here much more m 
rears when the winter moisture has been less and the snow 
iled, than on sand. This explains the fact that, after hof 
id winters, poor in precipitation, a blighting of tfie tops of 
a drying of the branches) sets in because of the lack ol 
f the spring has abundant rain. Sandy soilt with moderatf 
saturated more quickly and the water is at the disposal ol 

Tranain "cold.” This is explained by their high wa^r cm 
■ ases with the fine granular structure. In many re^a 
Pinsapo, Biota orientalis aw^, To*%S 
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Pketi orie»Mis) die quickly. This is ascribed to waiter frost but u{lt^ 
closer observation it is discovered that low temperatures become harmful 
only when the soil is very wet*. * 

A deficiency of soil aeration is the most harmful factor since upon the 
aeration depend the phenomena of decay in the decomposition of orgaaic 
masses. Thus in judging loamy soils as to their fertility not only the d«» 
gree of friability, but also the depth to which this extends, becomes decisive^ 
Since the firm loam layers of the subsoil are aerated only with difficult, : 
the spreading out of the root system takes place only in the friable layerfe 
Therefore a special value, should be laid on the maintenance of this friaibil- 
ity. This must be taken especially into consideration in forests, where Hi.e 
Utter is constantly raked away. Ramann’s investigations* show that, in re- 
moving litter, the soil becomes densely packed and works harm to the 
forest tract. ^ 

The packing of soil and the necessity for loosening it should especially 
be considered in growing all tropical plants, as Vosseler® has proved. 
He describes the soils characterized by Koerts as "older red loam,” and 
especially, the primeval forest soil of East ftsambara thus;— “The re4 
soil consists mainly of ‘fine loam and clay which is pervious but tdo finely- 
porous to take up small humus particles; besides, chemical actidii: 


takes place . possibly in the upper surfaces alone and thus prevents 
their penetration into the lower soil. Since the soil itself is the final prOiK 
duct of decomposition, it lacks the advantage of processes of loosening up 
which possibly take place during such action,” Here also, therefore, t^e, 
loosening of the soil is given as the first requirement for successful ci^. 
vation. ‘ ^ 

The more clayey the soil is, the more slowly .the vegetable refusfe witf 
be decomposed because of the lower temperature. While in sufficiiSat^; 
friable soils, a normal decomposition takes place, masses fii raw humus 
collect on thick clay soils, i. e., particles of plants, which are only sHghtly 
decomposable, remain deposited on the soil because the conditions afe un- 
favorable for decomposition. If very fine grained soils with m ^atet- 
moisture holding capacity, i. e., ability to retain large amounts of water, 
without giving it off in the form of drops, acquire so much water that It < 
overcomes the continuity of the substance particles by penetratin|r-Jetiivetib 
them, thus forcing them apart, the soil becomes softer. Thi> cefi^tion' rt; 
especially peculiar to strong clay and red soil ; such a rfirinte jro^^odturs 
less frequently in loamy soil. 

Such reduction of the soil is doubly dangerous, if it takes plai^h^]^ 
autumn or spring. On the one hand, the soil washes away at oncdlaind 
seeds are soon exposed to drying or to freezing as the case may be. 

> Cordes, tV., Beltrag zum Verbalten der Conlferen seaen 
Hamburgr 1E97. ' i'®* 

i Kamann, It, Untersuctiungatreubervchter 'Bdden. 8ond.-Z. t 

wesen^JKXX Sabrcr; eit. Bot. Jabresb. ISSO, 11, p. 41B, . -■ r 

... < Yosg^er, trebw einlsre ESgentUmlichbriten der UrwaldbBden, OitUtainHCwc 
a, d. mol. Iwndwlrtscb. Instltut Amabi, UM; ■ ' 



condition also retards worldly the soil and ptanting; the fields, r 
^^^ecoming a cause of poor harvests. Especial consideration should be 
to the fact that, for all our cultivated plants, the usual planting time, 
^ been determined by observing the behavior of the plants in our climate, 
jbcan be shown at any time that variation in the ^riods of cultivation pro- 
|{hice3 changes in the character of the plants (the change from winter to 
sununer grain). Such a delay of the seeding time often acts injuriously, 
sis, for example, in peas. The same seed that furnishes a fine crop of healthy 
plants, when sown early in spring, very often produces low plants with, 
small pods, greatly injured by mildew, if sown in summer. Kohlrabi, ^nted, 
too late in spring, easily become woody, etc. 

Similar phenomena may be observed in fine sandy heath soils (loose 
Ifiam). Grabner' characterizes this form of soil as consisting of sand grains 
almost as fine as flour with only small clay admixtures. The whole mass 
when wet looks like loam. In a diy condition, however, it may be dis- 
tingubhed from loam proper by its porosity. Thus, as a result of its very 
fine granular structure, it can become as hard as stone. In places whi(ii 
are cultivated constantly and kept loose by means of animal manure, such 
soil is often valuable but in forestry it is not, for, after the usual single 
ioosering, the fine sand is at once packed together by rain and too little 
ioxygen from the air can get to the roots of the trees, • 

The Covering of Son. with Silt. 

•i In heavy rain storms and floods soils with a large content of very finely 
’^Sfei^n particles are washed together and, after the evaporation of the water, 
Iftt in the form of a thick, close crust. The moisture holding capacity 
^ a. soil increases with ‘the fineness of its pulverization, as has been men- 
^ 01 ied above. Increased pulverization of the particles deepens ahe upper 
jm(J the power for retaining water depends on surface attraction, 
j'^.j^lverizing a soil mass, consisting of coarse pieces of quartz from i to 
mm. in. size, which had an absolute saturation capacity of 7 per cent., the 
(SodlaFy absorptive power was so increased that a fine sand produced from 

S &mirta, the size of its grains being 0.3 mm., held back more than 6 times 
.mrf ’water. One sees that under certain circumstances the kind of 
'^^^,may be unimportant and only the mechanical constitution *of value; 

even quartz dust can assume the role of clay. Naturally 
ftwltike sand has no coherance whatever, and can therefore never in 
over the role of a binding substance such as clay. Principally, 

' -teft is 'clay soils which suffer from erosion in the form of silt and, 
tight layers, cause the decay of seeds and plant roots.^ At 
£lc6ots form accessory organs in order to find the necessary air^ in 
* In this connection, attention should be called to the knee-like 
roots which struggle to the upper surface of the soil, as thosqj 



r, HandbUch der Heldekultur, 1904, p. 200. 



ef faMmrn dii^hum suid of Pinui serotma whjch are not formed 
soilSfiaad aredescribed by Wilson’ as aerating organs. ' "■ 

An example of the injury to vegetation, due. to a direct defbsitioifjfif> 
tUt, is furnished by Robinet’ of Toulouse, where the nurserife had stood' 
for only two days under* ater. At the base of some plants very little «ud 
was deposited. These remained healthy. But when the mud covered the ba^ 
of their tnmks, possibly lO to 12 cm. deep, the damage Iras great. Almond, 
acacia, cheyry (even the mahaleb cherry) mountain ash, Ligustrum, Ma- 
honia, Evonymous and most conifers were hilled. Individual specimens pf' 
Crataegus, Ptrus Communis (of which those grafted on the quince suffer 
less) Pirus Malus, Castanea, Mespilus, Catalpa, etc., which had stood 8 to 
10 days under water, blackened at the base and died when the silt was not- 


removed. Platanus. Alnus, Ulmus did not suffer, and Populus, as well as 
Salht (weeping willow) , developed many roots from the base of the trunk Out 
into the silt. All the specimens of Sophora, Ffaxinus, Carpinus, FagUs, 
Betula and Robinia did not die ; the leaves of the survivors, however, turned 
yellow. The linden and chestnut lost all their leaves. Evergreen plants, 
aiM even a part of the conifers, lost their leaves when they had been covered, 
by water. / ^ ' 

Of double importance is this change in the physical constitution of the 
soil in regions exposed to frequent inundations and, among them, the soils 
suffer most which are flooded by sea water. Aside from the injury to ve^" 
tation from the large salt content of the soil, there is found,^aCcording;^^ 
A. Mayer’, as a resulting phenomenon of a dense covering, noticeable >^ 
times only in the second, year, a formation of a black layer, stron^t '' 
pregnated with iron sulfate, which may further injure vegetation. M',. 

Von Gohren* also emphasizes the formation qf such kinds of faloi 
nous layers called "Knick” in West Friesland in very humus, lo»|>:^i 
clayey mtfd deposits of sea and river marshes«and explains their 
by the fact that the ferric oxid in the loam i 4 reduced to ferrous ox^yiy 
the organic substances in the absence of air. This ferrous oxid 
with the crenate acid to form crenic ferrous oxid. Crenic ferf^us Ojtkli 
distributed in every direction, is'gradually oxidized again, cement' 
all parts of the soil as ferric hydroxid and co-operates in the fbl^t^'Af 
meadow ore of such ill-repute. We will finish considering the foriUKlkBt 
meadow ore when discussing the peculiarities of swamp soil and**^W 
fifst to the phenomena of §ilt covering under the influence of SSjt 
found in the use of fertilizing salts. j “ 

Mayer’s IkperimenU show that particles Of clay suspim^d-^'^ 

^are precipitated differently when they are in suspension in 
__;ater containing soriium chlorid and other admixtures. 

othert Wilson, W. P, The pioductlon of aSrating organs on the rgi^ qf 
i sXplants; clt, Bot Jahresber. 1889, 1, p. 882. . j- 

* ffitevue bortteirie; dt. Wiener Obst- u. Gattenxeitung 
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are deposited according to size (more exactly; according to the ' 
^plortion of their surface 'to their mass). The finest particles remain un- 
long in suspension since they are held by the attractive power 
water, which is almost comparable to a chemical solution. The at- 
^liuition of gravity for these particles is powerless in opposition to this 
a&raction. After the clay, which has been dissolved in a glass cylinder for 
the experiment, precipitates from a salt solution, it is noticeable^that a layer 
consisting of close, fine clay particles has formed with a comparatively very 
ctear fluid above it. Because of the-presence of sodium chlorid, all fine 
clay particles are precipitated more as a whole (coagulated, according to 
Schlosing). "Flocculency" is thus produced. The fall of the somewhat 
coarser particles among these appears to have been held back, while that of 
finer ones has>been sometjhat hastened. It has been assumed that probably the 
presence of the salt has decreased the attraction between clay and water, 
since the water then lets the clay fall more completely. On the other hand 
&e attraction of clay to clay must have been increased, and it is therefore 
more compact. Durham^ explains the process by the fact that every bit of 
the attraction of the water otherwise required entirely for the suspensioJf of 
the clay is satisfied by the salt of the solution. According to him, sulfuric 
acid acts like the solution of sodium chlorid, and, according to Mayer, all 
^nuneral acids behave in the same way. The same is true of mineral salts 
i^yen in an excess of fixed alkali or ammonia. 

According to the theories now prevailing, electrotytes act flocculently, 

; i t all bodie’s which in jin aqueous solution are partially split up ihto "Ions.” 

' Ji^n-electrolytes hive no action. At any rate, qn electric current precipi- 
%^the flakes. It should therefore be assumed that the particles distributed 
mm water are charged with electricity and the cause of the oscillation may 
^ finiight in this electric charge’. ... 

{’^he chief point, worth considering for all cultivated clay soils, lies m 
{act that the nitrates, so far as deposition of the clay is concerned, ap- 
the chlorates and, on account of the ease with which they are 
Wjai^ wway, rapidly cause the packing of the soil. By this is explained the 
destruction of soils rich in clay, when repeatedly fertUized ex- 


with nitrates. At first fine .crops are obtained but later retrogres- 
llato place. Sodium chloride fertilizing used for certain plants has 

Bfe’thfe same destructive effect. 

calls attention to the real disadvantap of an excessip use*Of 
^^' Sadts. Their osmotic action comes especially under consideration, 
^pbi.this osmotic action of the soluble salts in theieoil, it is more 
supply the water needed by the plant and the plant responds by 
^ modification of its organs. In correspondence with the physiolog- 
Srof moisture, the plant reduces its evaporation by forming fleshiei 

CentralW. 1883. ^ov-. p. 78^ 

[MI kShw . BarUn. Go>h-- Bomtrager. J93S, p. 28. 
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leaves, with smaller intercellular spaces ; this may bS found in plante,;^*! 
salt springs and on the sea shore. ■ 

Among our cultivated plants, tobacco suffers most ; it reacts j^ct% 
as in hot, dry summers and forms fleshier leaves with a reduoed Dmnt:^ 
quality. Hunger' confers these observations, made in Europe, and^says 
of the cultivation of the Dehli-tobacco on Sumatra, that the leaf moSt 
valued, most grown and most carefully selected, is large, thin, poor in oils, 
and develops only in the presence of abundant water as in continued rainy 
weather, while in dry weather small, thich, less valuable leaves, covered with 
many glandular hairs, are formed. ■> 


The Improvement of Soils Which Are Becoming Compact. 

The improvement of the easily packed clay soils will havp to lie in the 
increase of their ability to be worked. Heavy soils' are unyielding, i. e., the^ 
offer great difficulty by sticking to the farm implements, when damp, and by 
hardness, when dry. Great clods are produced which generally do not fall 
apart easily if the clay or red clay soil is poor in humus. It is well-known 
that the best plan for working soil for spring planting is to break it up in 
the fall and let it lie in rough furrows. The freezing of the water i#'te 
interstices during the winter months reduces the tough clods to a mejlow 
crumbling mass. ■' 

These advantages are available only for spring planting and disappem 
after the heavy rain storms of the summer. Therefore care must be taken ft 
prevent caking by supplying humus or marshy earth ; fertilizing, with Iw^ 
.strawy manure is very greatly used. However, limhg a»d marling the 
have given very effective results. Practical experience has shown that'tlfi 
addition of calcium, which is in solution in the soil as the bi-carbonate, wil: 
hinder its caking. • -W' 

A definite amount of all salts, even of the most effective, calcippfirkt 
magnesium, must be kept in solution in excess of the amount necessai^- tt 
start action if any deposition of the clay particles is to take place. 
rivers the flocculent action of dissolved salts makes itself felt 
example, the sediment in rivers flowing from lime regions is mofesqui^ 
deposited than in those from regions poor in lime“. For agricultulB, 
bility becomes directly important since upon this depends the proper /faf/Vj 
tillage. The small bits of the soil behave similarly to the clay flak^^ BH 
gard proved the action of lime by tempering solid clay soils wi^th r peRlStBS 
quicklime. While the original clay soil became as hard as stone affer dc 
that mixed with lime was found to be crumbly and mellow. .-Sinae, t 
a continuous mechanical working of the soil, the salts also : eordjtjDBi^ 
looseness, this must be the case, to an equal extent, in forest soil 
the soluble salts, determining the friable structure, are decr«ia*iJrr 
excessive use of litter, covering with raw humus, the l^chin^ 0$" 
layers, etc., a packing of the soil must take place, f < 
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V A top dressing of waste lime from sugar factories is often made use of 
^ the cultivation of beets. The mechanical effect makes itself felt not in- 
by the fact that, as a result of increased capacity for being heated 
nS scanty supply of water, these soils later cause heart rot and dry rot. 

Sr . Hilgard’s statements’ on the “alkali soils'’ of California are of great 
Itpterest. The alkali places often found between excellent cultural lands con- 
Ikin so much salt that they become noticeable by efflorescence on the surface. 
Jhose which contain alkaline carbonates (and partially also borates) are dis- 
tinguished by the difficulty or almost impossibility of producing a really 
friable soil. After each rain, a coffee brown, clay water, colored by dis- 
solved humus, stands at times for weeks on those places, recognizable be- 
cause of their lower position. The same working of the soil which gives 
good soil the consistency of loose ashes makes the alkaline land a mass of 
.rounded clods varying in size from a pea to that of a billard ball. 

After evaporation, heating and saturation with carbon dioxid, the 
blackish brown solution, leached from alkaline soil, gives 0.251 per cent, in- 
combustible residue. Of this 0.158 per cent, was redissolved in water and 
this soluble part consisted of 52.74 pe'r cent, sodium carbonate, 33.08 per 
cent, sodium chlorid, 13.26 per cent, sodium sulfate, 1.83 per cent, sodium 
triphosphate. 

Th# 0.093 insoluble residue from the heated water extract con- 

tained 14:02 per cent, calcium carbonate, 5.37 per cent, calcium triphosphate, 
ji77 per cent, magnesium .triphosphate, 24.37 cent, silica soluble in 
^G)„ 50.47 per cent, of ferric oxid, aluminium oxid and some clay. 

Ji.* In this case, as well as in many other alkaline soils in California, the ad- 
j^ion of a sufficient amount of gy/isum (land plaster) produces a Striking, 
siect. The caustic action of the alkaline carbonates on seeds and plants 
|^>py0 at once so that where previously only "alkali grass (Brizopyrum) 
^iChenopodiaceae grew, maize and wheat were produced without difficulty, 

* i naturally requires a longer time for the mechanical change of 
: and its’ greater loosening. 

Inundations. 

g>::^sition to the frequently widespread anxiety when volumes of 
over cultivated land, it might be emphasized that, naturally, 
the washing away of nutritive substances and the mechanical 
, the pressure of the waves, vegetation is not extremely sensi- 

cover over the soil for some time. Woody plants especially, 

, Ishow, possess a great pow-er of resistance, which continues as long 

fcttijter keeiK moving. 

water, remaining for a long time on the surface of the soil 
^''^ater harm; for a shorter time, inundations m the form of 

3a. Ait, Fiockune Weiner Teilchen und^dle phy^kWIschen 

lulspp Erscheinung Americau^Joumal of Sciences m&. 

llSth mr/oS d. AETUtVphystk, 187», p. 



dammed up water may come under the head of useful factors of cultivation. 
At any rate inundation will always be more dangerous than those methods ■ 
of irrigation where the soil always remains accessible to the air. Themygen* 
content of irrigation water increases oxidation in the meadow soils since ' 
water filtering off through the soil shows a lesser amount of oxygen and, at 
the same time, an increased amount of carbon dioxid and sulfuric acid in 
comparison with water in use for irrigation*. So long as sufficient oxygiti 
is present the slow phenomena of oxidation of organic substances into 
carbon dioxid, ammonia and nitric acid, which we term decomposition, are 
accomplished chiefly by the action of micro-organisms. If a scarcity of 
oxygen occurs,* however, due to continued retention of the water, that 
process of decomposition begins, partly of a purely chemical nature, partly 
with the co-operation of bacteria, which we call decay, whose final products 
are compounds which may still be oxidized. 

If the water accumulates in places where impervious layers of soil 
entirely prevent any vertical flowing away and all horizontal flowing away 
is also made difficult, the land becomes marshy. 

With the excessive wetting of the soil, the symptoms are again spen, 
which usually appear gradually with root decay. In deciduous treesf 
especially fruit trees, and with grapes a premature yellow leaf ( chlorotic) 
condition becomes noticeable, which advances 'from below upwaiid. This 
advancing death and falling of the leaves from the base of the branch to- 
ward its tip bear witness to the fact that the growing branches strip off their 
older leaves in order to mature their younger ones, which happens also in a 
gradual drying up. By this means, yellow leaves may be distinguished from 
the pale leaves resulting from the action of frost, in which the young leaf 
apparatus is disturbed and its normal chlorophyll action retarded. 

^ ' 
Conversion of Land Into Swamps. 


R. Hartig’s* observations show that stagnant water is most injuriousdn 
forest plantations since the sensitiveness of the trees to frost is ^iucreasei- 
and freezing and heaving occur in the seed beds. Hartig’ obser’^ed decay 
of the roots to a devastating extent in tbe tracts of the young pines dn 
Northern Germany. It begins between the 20th and 30th years when, aftef 
a short period of weak growth, the trees, still covered with perfectly green 
needles, topple over as soon as a weight of snow touches them Of: a high: 
wind acts on them. It is found that the tap root (see Growth of StHtsi p: $9)' 
is wet and rotted up to the base of the trunk while most of the lahetul JPoC^i 
appear to be healthy. Such a decay of the roots may indeed be founit 
spruce plantations, but it is less noticeable because the superficially extendi^' 
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fiiSi system makes the tree less dependent 6n the few roots growing down 
into the soil. 

I It may be observed, especially in the province of Brandenburg, that the 
healthy condition of pines ceases if the sand flats most suitable for this 
growth have depressions in the ground where the accumulated water forms 
^rshy pools. Up to the edge of these marshy places the trees stand erect 
and are comparatively long needled. At the point where the black moor 
bepns, the growth becomes weakened, the needles shorter and the tree 
shows very small annual rings which not infrequently cease entirely. 

In the increased planting of the very profitable pine trees, carrying, 
them even on to damp soils, it is not surprising that root decay is found 
there to a very marked extent. It is advisable to limit the culture of pines 
to sandy, open positions and to choose for heavy, wet soils, such species of 
trees as are found by experience to best endure moisture. In places where 
no definite agricultural system regulates the tracts, the suitable kinds of 
trees make a natural appearance in the course of years, because of their 
greater power of resistance in the struggle for existence. It is approximatelyi 
the same as the gradual control of the position in frost holes by the kinds of 
trees which resist frost (hornbean, birch, aspen). The red alder can best 
endure the strain of stagnant water. Besides this, black and silver poplars, 
as well as most willows and the sweet birch, thrive on moist soils. The ash 
is often found also, but under these conditions the trunks are entirely 
covered with moss and canker-like swollen spots. 


I In order to overcome the injury due to turning land into swamps, its 
cause must be determined exactly. At times the condition is due only to a 
lack of air circulation, and here the partial clearing of the land of its tree 
v^etation by the removal of the undergrowth and the lower branches of the 
ttees, together with proper thinning, would be beneficial. Even when the 
1^ only becomes slightly swampy, especially in mountains, it may be re- 
stored by planting with conifers (Spruces). This holds good for the cases 
whtm in^jeased evaporation of the upper surface is sufficient to overcome the 
^GUtnuldtions of water in the soil. As the trees grow, and because of their 
dose proximity, their evaporating surface not only increases but also less 
tfldd lebs water can fall to the soil, because of the thick shelter of leaves. 

' Th Vrheivery radical means of removing the water by drainage or ditches 

K '" ' ' ' ;ed*in forest tracts only after careful consideration of all local 
nee this method is often attended by greater disadvantages than 
This is especially true in mountain forests where the lowering 
level of one district may easily have wide spread effects on the 
region. In some cases, areas, especially slopes, with a strong 
where there is no excess of water, become drier. Trees accus- 
s former amount of moisture deteriorate and may partially die. 
jeh sharp changes due to drainage are less to be feared, 
d pot be necessary to further discuss the formation of mfehfis 
an the exhalation of gases, injuries to cultivated land did not 



follow attempts to drain the marshes and boggy places. The injury to ■ 
meadows should be considered especially in this connection bn account of ' 
the frequent use of injurious marsh and boggy wateir for irrigation. The 
conversion of irrigated meadows into marshes by overfilling the soil with 
sewage may be considered only in passing. 

The statements of* Bischof and Popofif* should be cited in connecHon 
with the exhalation of gases. The gases produced are often rich in hydro- 
carbons, especially methane or marsh gas (CH^). Popoff investigated the 
gas developed in a cylinder which contained a slimey mass consisting qf 
kitchen refuse and substances of similar character. This slime was kept 
weeks in the cylinder, at first at 17° C, later at 7 to io°G., and gave 
gas mixtures of the following percentages of composition in the successive 
investigations which took place usually at intervals of 2 to 4 days; — 
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CO, 

2.48 CH4 
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8i.g6 N. 
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54-1 “ 
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43-3 

(f 

56.6 “ 
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These figures show that at the beginning of the experiment part of the 
air found in the cylinder was driven out, and part used up, while the oxy- 
gen oxidized the organic fragments in the slime. So long as free oxygen ■ 
was present, the formation of carbon dioxid exceeded that of marsh gas,^ 
on the other hand, this proportion was reversed as soon as the oxygen was 
exhausted. ' , % 

Proceeding wdth the hypothesis that it is the cellulose in the slime, 
which is decomposed,' assisted by the action of the lower organisms, Pop^ 
put clean filter paper with a small quantity of slime into a flask. On investi- 
gating the gas formed after some little time, he found its composition to be, 
34.07 per cent, carbon dioxid, 37.12 per cent, marsh gas, 1.06 per.cpnt. hy*'" 
drogen and 27.75 cent, nitrogen. 

Near marshes, however, we also frequently detect the ockir of hydrogen," 
sul^. This comes partly from the decay of protein bodies which: fontt' 
leucin, tyrosin and other substances by their decomposition and finally car- 
bon dioxid, marsh gas, ammonia, etc. Erismann’s* observations, Halted by, 
Detmer, make possible the determination of the quantitative compO^lS^ hjf 
the gas pven off in 24 hours from 18 cubic m. of excrement 
poorly ventilated cess pool. ' 

The whole mass gave 11.144 kg. carbon dioxid, 2.040 
0.033 kg. hydrogen sulfid and 7.464 kg. marsh gas. In this deeoi^os^k^ : 
oxygen and nitrogen were also set free. 13.85 kg. of oxygen are 
been taken up by the 18 cubic m. in 24 hours. 


' ■ ■- ..5 

1 Bischof s IiCbrbach der chemlschen und phyalhjtUsdlien 
Popoff in Pflilger’s Andiiv f. Physlologie, Voh X., p. 118. 

* Zeit^phr. f. Blologle, Vol. XI, pp. 283 it 



.Tllite a comparatively very slight development of H,S is found and it 
jj^st be Msumed therefore that, if large amounts of HjS are formed in 
^^lisnhes and other places, they must owe their origin to a reduction of sul- 
lates in the soil, conditioned by the organic substances present 

Pagel' and Oswald summarized the results of their investigations on 
.such reduction processes in the substances of marshes and found that,, in 
tiie absence of air, sulfur metals occur, as well as hydrogen sulfid, and 
that, together with this reduction of the sulfates, ammonia is sft free from 
the marsh substances containing nitrogen. The authors do not state defi- 
nitely whether these substances are produced only in the absence of air, but 
in their production may lie the harmful quality of stagnant water. 

The Burning of Plants in Moist Soil. 

In summers, remarkable because of great temperature extremes, it has 
been observed that on hot, clear windy days, plants of rapidly growing, large 
leaved crops, such as hops, wilt greatly, particularly when grown in ^amp 
places. The lower and middle leaves of plants growing in damp hollows 
are sometimes seen to turn yellow and brown at the edges and partially to 
• dry up so that they can be rubbed to a powder in the hand. These specimens 
have been partly burned by the sun. The noticeable feature is that the 
: burning takes place directly on those places in the field, in which, through- 
out the whole year, sufficient moisture is present, while in higher, drier 
, ^rtions, still more exposed to the wind, the plants usually suffer less. My 
tt^parative experiments* throw sufficient light on such cases. They prove 
/that plants, which from the beginning produce their roots in a soil tcontain- 
liiug much water or even in water cultures, evaporate much more water per 
t Square centimetre than do plants of the same strain grown under dmditions 
'*"'^'jictly similar except with a lesser water supply. It is an interesting but 
liVery well-known phenomenon that many of our cultivated plants from 
■ different families grown under optimum conditions, in producing one 
pli pf mature, dry substances, evaporate approximately equal quantities 
— indeed the transpired water varies from 300 to 400 g. in amount, 
^pknts grow in localities which, like soils with an impervious subsoil, 
“ dly have a great deal of water at tiieir disposal, a constant nutrient 
# yvill be- present in the interstices of the soil, more or less highly coti- 
acpording to the soluble materials present. If the concentration 
he amount favorable for the plant species, the plant grows less 
^remains short-limbed, small-leaved, but usually dark green. If 
Itration is exactly right, the growth is very rich and luxuriant 
aWute water requirement is very great, but is small if reckoned ’per 
^yjf'diy material produced. Under such conditions the plant finds the 
r jof great value. In excessively damp places, however, it often 
|;&it Jhe soil solution is poor in different nutritive substances. 

Irtsch. Jahrb., Vol. VI, Supplement, p. 851. 

* Btu^en Uber Verdunstung. Forachungen aut dem Geblete der 
ijnillE, V<a. in, Parts 4 and 6, pp. 48 tf. * 




■ The weather requirement is greatest under such conditions just as if, 
the plant made the greatest struggle to produce as much as possible from' 
the very scarce nutrient substances present.' The leaves, then formed, are^ 
very large and .well spread, but are very little resistent to cold as well as to 
heat. They react unfavorably to influences which pass over other plants 
without leaving any ill effect. 

Such disturbances occur earlier in plants in moist localities. On hot 
and especially windy days, evaporation is enormously increased, the amount 
of Water transpired is then considerably greater than that supplied by the 
axial organs. Consequently the leaves on many plants wilt. The smaller the 
normal transpiration per square centimeter surface, the longer the amount 
of water brought by the stem, even on extremely hot days, will compensate 
for the loss of transpiration. The plants of damp localities which, as ex- 
perimentally determined, evaporate much more water in the same unit of 
time than do plants from dry places, have thereby first of all reached the 
limit when lack of moisture in the cell acts injuriously. In these plants the 
leaves dry up first and not the very youngest nor the very oldest but, as a 
rule, those working most actively and in part still elongating.. 

Proper drainage to remove the water from those particular tracts of 
ground is the surest method of overcoming the trouble. 

Delayed Seeding. 

As a result of damp soil the time for planting is frequently delayed. 
The following are the results of experiments by Fr. Haberlandt* and H. 
ThieP. The most detailed experiments were made by Haberlandt in 1876 
with four kinds of summer grain in which, on the ist and 15th of the months 
April, May and June, the seed was sown on a bed 3 sq. m. in size. TSjf 
results may be summarized as follows : The amount of harvest in all suntr 
mer grains decreased more and more as the seeding was delayed. This was 
based first of all on the considerably weaker growth of the grain plant^ 
late and was most evident in the smaller number of fertile stems. A d<^ 
crease not only in the quantity, but also in the quality was very noticeable. 
The weight in .straw increased with delayed sowing. In general the chaff 
and roots of the crop increased disproportionately to the weight of the grain. 
The quality of the grain itself also decreased greatly. Barley ^d oats from 
later sowings had a greater amount of chaff by weight ; the smaller the itt- 
dividual grains were, the greater this dispro^rtion became. 

The later sowings were attacked to a greater extent by ergot, 
rust and especially by leaf lice. Besides this, up to the time of forminj.ti^ 
blades, as well as blossoming and ripening, they required a gffeater itdpiiit 
of heat than did earlier sowings. Even the germinative power of the'.fii^ 
vested grain was affected and of a lowered quality in seed from plaiW 9 k<B 

1 Haberlandt, Fr,^ Die Bezlehun^en zwiscben dem Z^tpunkt der 
der Emte bedm Sonuuergetrelde. Oesterr. landw. ‘Wocbeabt ISId, "So. ft; 

2 Thiel, Ueber d^n Einduts der Zeit der Auaaaat auf .die 
Getreldee, Rei in Biederin. CentralbL 1 A^kulturcbemie;. 1878, p. 
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pife sowings. In the first place, the percentage of germination was lower; 

Ini Ae secwid place, the grain from late sown and late harvested seed also 
f^uired a longer time for germhi&tion. From Haberlandt’s 'earlier investi- 
pjtions in this line, showing i lesser development of grain in bulk as well 
aS in absolute and specific weight, it is further seen that the amount of s<»l 
moisture alone is not the only cause of the difference between late and eatiy 
sowing. In these experiments the plants had a sufficient water supply, from 
the beginning, and yet showed these different proportions. . : 

Thiel’s experiments with late sowings were made at various times in the 
autumn. The time of harvesting for all the plants, even of widely different 
periods of sowing, was approximately the same, but very late sown seed 
likd a very small yield so far as it remained alive at all. Indeed Thiel rightly 
calls attention here to the fact that late sown seed sprouted simultaneously 
with that sown earlier with corresponding spring weather, without, how«wr, 
having had time to collect sufficient material for an abundant development 
as did the plants grown from seed sown earlier. Naturally the constitution 
of the seed plays a considerable role here. The older ffie seed, the more 
slowly the reserve substances are mobilized. With ripening and subsequent 
maturing, the amounts of sugar and amido nitrogen compounds decrease 
and do not become prominent again until germination. The more or less 
favorable sprouting of the seed depends on its age and the soil constitution. 
At this point we will insert the warning that no reliance should be placed on 
the results of other germinative tests, but one’s own soil must be tested i- 
rectly as to its behavior with different seeds. Seed which keeps wll, accord- 
ing to common germinating tests, may give poor results, especially in heaior 
soils and, conversely, # light soil may often help seed to make a gin ^ , 
vto developed only a moderate quality in the germinating bed. Hi tner s 
WMrtf for example, on newly harvested rye, which bad suffered from a 
thSder storm, showed that it grew well in some fields, but absolutely wou 
:^ groW in -heavy soil. In another case, rye, developing 97 per cent, seed- 
^li^n a germinating test, molded almost entirely on one field, while m an 
one it gave normal growth. 

Souring of Seed. 

. the section on ton deep sowing (p. io6) we have already considered 
fe^&dvantages to which seed is often exposed in heavy or in incrusted soils 
^ige water content. Even germinated seed has to .struggle agams 
^'*Sue to physical condfitution of the soil; viz., from an excess of 
Seaw sods Here is found also souring of seed, which to be sure, 
lir aS in light soils, but has been observed usually only in heavy, 

tn a decav of the roots which have been longer 
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withstand very well a contniued contset»wifih Stan^Bg waSei>' 

which is free from organic substances, as can he see# in the dilFerent water 
cultures. Here, however, all living or deal^egetablc particles in the culture 
vessels are avoided, for the decomposing organic substances take up all fe; 
oxygen which is present in a small supply. The roots of the growing plaiit 
must be killed because of a scarcity of oxygen and excess of carbon dioxide 
Also, under ordinary conditions, seeds can survive contact with water, 
lasting for weeks, if the temperature is low. Thus Feige‘ states that wheat 
which had stood for 5 weeks under cold water at s^C. still lived. On the 
other hand, wheat kept 8 weeks under water, the temperature of which in- 
creased to 7°C. had disappeared without leaving a trace. Com, which had 
previously been healthy, withstood water at 3°C. for 4 or 5 weeks, but w# 
injured somewhat more than the wheat mentioned above. In the same way, 
alfalfa and clover withstood standing in water better than did com. 

According to Kiihn, rye suffers especially from souring, while under 
the same conditions brome grass and others develop very luxuriantly. To 
this circumstance is due the erroneous belief, which even now occasionally 
appears, that rye can change into brome grass. According to our view, 
“Arrabbiaticcio" of wheat in Marengo and on the Roman Campagna be- 
longs under this head. Peglion^ explains the disease as a general deteriora- 
tion of the plants due to being overmn by the luxuriant growth of weeds, 
which thrive better than the wheat on unsuitable soil. In Southern Italy ^he 
disease is called “calda fredda” and “secca molla.” 

The souring of the winter oil seeds, especially rape, is the most seribu^:; 
of all. From standing continually in water the roots decay from the tipsv 
backward so that in spring only the crown of the ro^ and the leaf rosette' 
remain. These appear to be healthy as long as the moist spring weatHer' 
prevents their drying out, yet, as the season becomes dry, the planll turn* 
brown very soon and may be drawn from the soil by one leaf. ’• C 

An investigation by E. Freiberg and A. Mayer* serves to explain ;the'' 
fact that under continued wet conditionf the character 0^ the vegetation 
changes, so that phenomena appear like the above mentioned predofflhiance: 
of brome grass when rye hid been sown. This experiment proved- tljlts^^ 
roots of marsh plants need much less oxygen than those of Gultivate(| 

This proves, as might have been supposed from the’ very beginri^g,- 
individual plant species make, different demands on the oxygen of»^'e ^il 
and, accordingly musffadjust their habitat to existing conditions, 
result of the experiments, however, anoAer conclusion may' be.c 
which may serve* in general when judging the demands made 
plants on soil; viz., the amount of air needed by their root sys^ 
is found that the more oxygen the plant needs for respiration, the i 
its nitrogen content. Marsh plants show a strikingly IdW nitrogw comte! 

• f; t •, J 
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^ye ati open inner structure, permitting the storing of larger quantities of 
witiiin the body and suggesting the facilitation of internal respiration, 
^yal water plants respire with a Itsser' intensity than land plants, as Bohm' 
fbund-ln his experiments, by measuring in a hydrogen atmosphere the car- 
ton dioxid given off during internal combustion. Since it may be assumed 
that the amount of respiration is determined by the amount of protein 
burned in the plant’s body, the oxygen needed by the root system will be 
greatest in cultivated plants, rich in nitrogen, and the most suitable softs 
will be those which most completely satisfy this need together with the 
Other demands of the plant, i. e., rich field soil, which is loose or has been 
loosened. 

• Those lands, therefore, which are repeatedly subjected to an oxygen 
scarcity, through the formation of crusts from rain action and the deposition 
of silt by floods, will have to be improved by corresponding changes m their 
physical structure. In the cases of souring, on the other hand, in which the 
mi- supply is not necessarily cut off by the physical constitution of the soi 
and in which only an excessive supply of water can fill the large mterstices 
in the soil, we will have to turn to the removal of the water.. Here deep 
drainage or at least drainage canals 120 cm. deep, lowering the pound 
water level by this amount, are the most advisable precautionary regulations. 
The 'development of so deep a pervious layer is necessary became many 
LeguminoSeae, tike alfalfa, and sainfoin, with their deep growing main 
roots and fewer fibrous roots, are apt to die when they reach the ground 

Souring of Potted Plants. 

The souring of piled planis occurs chiefly when loamy or peaty soils 
used If the drainage hole of the flower pot is stopped up and excessiw 
of w..e, gi.,; b, .o-e i„e.p.««.crf ,he ,«,» .1 ft. 

Sd plants die completely, since they become browm and soft. 

Jhe sour soil can be recognized at once by its charactenstic odor. In 
L process of decomposition of the abundamly present 
.'SltS^always contained in nutritive pot soils, takes pipe very diffpe 1 3^. 
*^Sbly add compounds and also free acids are produced from the 
'^fi‘understood humtis elements. If iron is prepnt in ‘be ^ 

hlioA ferric salts can be reduced to the injurious ferrous ones, smce 
soil spaces are enlarged with water, a perceptible .scarcity of 

kiturated with carbon dioxid from the. secretmns *f the 

kill the ptots. 

VeluHs of the leaves which die later. 
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Even if we cannot yet explain with certainty the mechanics of wilting 
which take place here (the explanation given by W. Wolf* does not' 
seem to be sufficient) we will, however, scarcely go astray in assuming ' 
that, as the result of the excessive accumulation of carbon dioxid in ffie soil 
water, the normal elimination by the roots of carbon dioxid, which is con- 
siderable in vigorously growing plants, is at once arrested. An unusually 
high gas pressure must therefore be produced within the plant, increasing 
to a positive pressure in the ducts and reducing their ability to conduct 
water to the aerial parts. The power of the ducts to conduct water will be 
decreased by the amount taken up by the negative pressure in the ducts. If 
thereby this conduction of water is weakened without corresponding re- 
duction of the use of water in the leaves, wilting results immediately. If 
the plants are placed in distilled water, as in Wolf’s experiments, a normal 
appearance and normal functions again set in. The distilled water in this 
case is like a sponge, absorbing the carbon dioxid and other excretory pro;; 
ducts of the roots. 

Finally the result is the same for the root, whether the carbon dioxid 
appears dissolved in water, or as a gas resulting from an insufficient soil 
absorption. For the aerial parts of the plant, however, conditions are differ- 
ent and it is very important whether they come in contact with water rich 
in carbon dioxid or in air containing the gas. At least Bbhm’s experimehts* 
on the leaves of green land plants have emphasized this.' He’ immersed •, 
leaves of different land plants under water containing carbon dioxid and 
found that the plant no longer gave off oxygen if the part concerned was^ 
prevented from surrounding itself with an atmosphere containing carbon 
dioxid which would cut it off from direct contact with the water. 

The results of excessive watering in pots with the* drainage stopped' 
and the consequent cessation of plant and soil activity are best deternmed 
by a microscopic comparison with the soil in a pot containing a healthy, 
growing plant. What intense activity is found in the soil ! From the upper 
surface down to the bottom of the pot (in leaf and heatli earth) are. found 
fragments of leaves and stems, on which many kinds of the so-called iheid 
forms with sterile mycelia, or with mature conidia, exercise thgir powef of 
decomposition. According to the nature of the vegetable mattfir,’ Sepedon- 
ium (chrysospermumf), VerticUlium ruberrimum, or Penicillium ghucum, 
Acremonium, Acrocylindrium, Cladosporium penicillioides, different kinds 
of Fu^arium and many others are found, pn the upper surface oftea ptill'- 
other^enera occur, especially the aerobic ones together with living di|tiaBS‘ . 
and other forms of algae. The schizomycetes go deepest of all. 
granules and bits of cytoplasm are found surrounded by colonies' df - 
bacteria radially arranged; colonies of bacteria have- often been estabhdilgd - 
also on fragments of crystals. All this active- life is engagrf ln redm^^,' 
the plant substance and favors the processes requiring oxygen, which 

1 Jaliresber. (. Agrik.-Ch«mle, 1870-72, n, p. 184. 

Z’AUzelgen der Wien. Ahad. d. Wise., 1872, Nos, 24-28, p. 168. 
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tertn decomposition. All this active life will either be stopped, by closing 
j|^,soil interstices with water, or be turned to those destructive phenomena 
of decay, decomposition in the absence of oxygen. Every soil has its my- 
cological as well as its bacterial flora, which decomposes the organic sub- 
stances. According 4o Oudemans and Koning', these are approximately 
typical for definite kinds of soil. 

In potted plants it is safe to assume the beginning of stagnation when 
the upper surface of the soil is covered with a hard white or reddish colored 
lime crust, firmly attached to the edge of the pot. From the uncommoiily 
large amount of carbon dioxid developed by the addition of acetic acid, 
it is evident that the incrustation of the uppermost soil layers in the pot, 
and at the edges, results especially from calcium carbonate. 

Magnesium carbonate is met with and also ferrous carbonate, which 
later through oxidation, produces as ferric hydrate different colors in the 
crust. According to the microscopic examination, the characteristic 
swallow-tailed crystals of gypsum and the octahedrons of calcium oxalate, 
as well as the rhombic forms of calcium phosphate, soluble in acetic acid, 
occur' The presence of the last named salt can not always be demonstrated 
and never in large amounts. On the other hand, calcium carbonate and 
probably magnesium carbonate, together with very fine particles of quartz 
sand, make up the usual substances of the crusts, between which is per- 
cAtible at.first an abundant fungous growth with a formation of conidia on 
the humus. The production of these crusts may be explained by the fact 
that the water, given in large quantities in watering, becomes charged with 
the carbon dioxid, abundantly produced by the process of decomposition 
within the soil interstices. Hence water is a splendid medium for dissolving 
the calcium carbonate present in the soil, the magnesia, the feme phosphate. 


the ferric silicate, etc. j 

i The more quickly the superfluous water is drawn away by good dr^ 
»ge in ^e pot, the less will the minerals be dissolved and washed away. 
m other hand, if the water stands in the pot and once 
With calcium, which is soluble in the form of calcium bi-carbonate, it can 
-oM' be removed by evaporation from the saturated upper surfare of the 
^ and, when the pores of the pot are not closed by a S'"®"’’ 

Kwth, te excessive water also evaporates trough i^^sj.des it 

SLs behind the dissolved substances. The pots "become coated. The 
^aum remains behind as calcium carbonate just as on the edge of a kettle 

which water containing lime has been bode . , 'nf the 

ShtB the usefulness of the two processes, the frequent washmg of the 
^Jo^VTtbtXeaking uf of the upper surface of the soil, is dem- 

- hiciwsine ‘'I'®'" fertiliMhon, 

t.e, pta.., !.«• 

r-^ ' „ , r- T Prodrome a'une flore myooloelque obtenUB 

nSerUmd.l Ct Z. t PtUm- 

ld», p, 6®. 
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aeration of the soil, — is overlooked. , iThe plants have not improved with this 
treatment. The best results are obtained by "transplanting when growth 
starts and the application of heat to the roots to stimulate growth. 

•EHhhom’s' investigations prove that fertilizing may be injurious rather 
than advantageous with acid soil, in the presence of rfree humus acid. He 
states that eBrths, rich in humus, which contained free humus acid, liberate 
the acids from solutions of neutral salts. The acidification thus produced 
is stronger than it would be without these Shits and, therefore, fertilization 
with neutral salts will increase the acid in such soils. This happens with 
calcium phosphate or any phosphate where the phosphoric acid, or calcium 
phosphate, passes over into solution. The addition of neutral potassium 
salts, especially alkaline sulfates, favors decomposition. If the humus 
acid is combined with a base, such acidification does not take place. The 
addition of manure, liquid manure, etc., will act only disadvantageously 
with such chemical decomposition and is to be avoided as are marly earths. 

Injudicious Watering. 

. ■*' 

The frequent dying of house plants makes necessary a reference to in- 
judicious watering. Excessive watering may be due to the fact that in- 
experienced people assume a lack of moisture in the soil as soon as the plant < 
wilts. The fact that frequently, after watering, the plant becomes tujgid 
during the course of the day gives weight to this assumption. If wilting 
follows this second turgidity, water is added until the plant is permanently 
wilted and the roots decay. Such conditions arise especially in the autumn 
when the more tender plants are put in conservatories with but little heat.^ 
The coldness of the soil then causes the wilting. We know from a number of' 
cases cited by Sachs® thaf different plants require definite temperatures for. 
their roots to keep them working, i. e., taking up water. TobAco'and 
pumpkins wilt in a soil at 3° to 5°C. ; but if the same soil is warmed to 
12° to 18X., the root activity is re-established. In the examples cited above, 
when the previously watered, wilted plants become turgid during the ^ay, 
this result is attributed to the influence of the watering. The real cai^, 
however, was the diurnal rise in temperature of the air and of the ;^oiI, 
caused by the sun, whereby the roots were again stimulated to take^Jip 
water. With the coming of night and the corresponding fall in temperature 
below the limit at which the roots are still to take up water, the wlWrtg is 
repeated. The plant can therefore die of thirst even when the soil ia Sjery 
moist, if the soil be too cold. On the other hand, in moist air, the 
can remain alive a long time with wholly decayed root*, as is shewn'l^ijft^te 
cultures. This is also the reason why, in root diseases, symptoii)S df di^ 
turbance are npticfable in the aerial organs only at a late stage. ' 

Another cause of the wilting becomes noticeable in midsutnm^. 'if 
plants transpiring rapidly are exposed for some time to the hdt 

1 liandwirtsch, Jalirbacher 1877, p, 857. 

2 Iiehrbucb der Botanlk, Isb Ed., p. 559, 
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'll^l'cnts of air, they begin to wilt in spite of sufficient soil moisture, because 
^i^„quantity of water. evaporating through’ the leaves , cannot be replaced 
quickly enough by the root. To be sure, thi supply of water Will be in- 
^eased as the temperature rises simultaneously with the increased Ashine. 
According to De Vries’, imbibitio# of the cell walls is increased antf thereby 
ffieir ability to conduct water, but the increased supply, nevertheless, cannjpt 
^ke good the loss through evaporation and the leaves must droop. If the 
pots are then watered, without having been tested, the earth will become 
sour. 

The same result is found in the so-called New Holland and Cape plants 
belonging to the families of the Epacrideae, Ericaceae, Papilionaceae, 
Rutaceae, .etc. The loose, fine, sandy, but little decomposed earth, such as 
heath mould, cannot be pressed very firm into the pots, because the unde- 


composed pieces of roots and leaves form a very loose consistency ; with too 
heavy watering, however, the fine grains of sand and clay are first stirred 
up and then washed down so that only the long, loose fibrous elements re- 
main at the upper surface of the pot. These naturally retain but very .little 
water and let it run down very quickly to the bottom of the pot. On this 
account the upper surface of the pot is always almost half dry. If now the 


gardener lets himself be led astray and waters the pots under such con- 
ditions, and if the pots have no good drainage, the very fine roots will decay. 
(0 should be remarked in passing, that the so-called soured pots quite fre- 
quently show an alkaline reaction. I found with potted plants, wjiose roots 
had decayed, that moist red litmus paper turned blue as far as jt lay upon 
surface of the pot). 

As a means of overcoming this, transplanting into very sandy earth and 
^pldng the soured plants in beds with warm soil has already been recom- 
As a matter of course the roots must be cut back to the'healthy part 
when transplanted. As a precautionary measure, the pots .may be plunpd into 
^e ground and similar methods may be recommended. In doing this, how- 
ler, a slick or a piece of wood, turned like a cone, should be used to make a 
funnel-like hole, whose upper edge is exactly the size of the edge of 
t&jwl. The pot then hangs in the hole. Below the pot the lower part of 
4&t«dc8l hole forms a cavity and prevents the earth worms from crawling 

i linage hole in the pot and stopping it up. In flower pots stod- 
)m, or on flower racks, the soil will not sour if only some little 
n. The water content of the soil may be judged easily and-com- 
iccurately by tapping the pot. If the earth is full of moisture, 
ies between the individual particles of soil and the sides of the 
iound resembles that of a dense mass ; when the amount of water 
owever, the.pot rings hollow. 

fing to die above, therefore, one should consMef not only how 
tte'r, but in what way potted plants should be watered. I” 
kshipg away the finest particles of clay and sand and thereby 

1872, p. 781. 
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forming crustsj of choking the dramage of the pot, the water should' 
be poureel jquickly {hrougfi fhe'Jspout of the watering pot. In plants set in 
pots Md Sunken, a hoSfe should be used, or, in pots set on forms in con- 
sery^tories, a slender and long spout, giving only a gentle stream of water. 
One should avoid holding the stream water at the base of the stem, 
which is often entirely white as a result of incrustations of lime. 

Use of Saucers. Under Pots. 

In house plants the use of saucers under pots is general. . This saucer 
is necessary for preserving cleanliness on the window sill and on the flower 
table, but is usually injurious for the plants themselves. No matter whether 
the pots be watered from above or by soaking up water from the saucers, 
•the soil will almost always take up too much water. Many plant lovers con- 
sider this condition advantageous. The result, however, is a choking of the 
roots at the bottom of the flower pot. The decay of the roots continues 
gradually upward and finally shows itself in the dying of the edges of the 
leaves. If these symptoms appear, the plant is, as a rule, lost to the ama^ 
teur, but the gardener tcan often cure it. For the amateur, who has no 
warm bed at his disposal, we would recommend setting the sick plant injure 
sand and placing it in a warm, half shady place. 

The Running OUT OF Potatoes. 


In discussing the disadvantages' of heavy soils, we should consider the 
point of view, repeatedly brought forward in practical circles, that our 
potatoes “run out,” i. e., gradually lose their good qualities and degenerate,?! 
Some people would explain this by holding that, in the customary method ? 
of propaga^jon by planting tubers, one really propagates asexually, without' 
interruption, an individual once produced from seed and that, thereby, an 
organism so long lived must at last show the weakened condition of old 
age. A proof of this is found in the retrogression in the starch content Of 
■our favorite older varieties as, for example, in the Daber potato. 

According to our point of view, the cause of the supposed running out 
lies in the lack of foresight of the agriculturalist in growing varieties on 
heavy soil which have been produced on light soil. ^ 

We refer in this connection to Ehrenberg’s work^ on the results of rt* 
years experiments at the “Deutsche Kartoffelkulturstation." The ayetn^ 
yield of all the varieties grown seemed to increase constantly from to 
1903. In regard to the “Daber” potato, the yields dicreased only on'"he?i^^ 
soil which is easily explained since in Daber "a^very light, dry, aan^ SCul* 
predominates. If newly grown seed of this variety was planted 
cldse soil, it gave Mttter results than the form which had been cultivated ; 
for ?ome time, "fhe same new seed, however, planted in san^ soil,^((k#|^ 
gave f poorer result when compared with the naturalized plant. 

l Elirenberg, B., E)er Afabau dec Kartoffeln. Landw. Jahrb, 'Vol.'XJCiaji^^ 
Centrslbli, f. AgriRulturcbemle, 1906, p. 235. 



proof in these esj^itriihents that newly introducfed seed retains at fiftl the char- 
acter developed in the plate where it has Ijeen bred. If, for. instan6e, heavy 
soil reduces the starch content, the reduction does not take plaef in^the first 
year with new seed and therefore this seed contains more starch than the 
native seed. On sandy soil, however, a variety has been bred which tdntained 
the largest amount of starch possible under the conditions. The newly intro- 
duced varieties with the peculiarities brought with them, however, had- not 
as yet adjusted themselves sufficiently to these conditions and therefore gave 
a lesser yield. Exhaustion or degeneration will therefore take place only 
where a variety does not find the cultural conditions it requires. The cir- 
cumstances may be similar in all phenomena of supposed exhaustion or 
degeneration. Our cultural varieties are the -products of breeding under 
very definite conditions of position, soil and weather, and are kept pure, only 
if they again find conditions similar to those where they are grown. If it is 
desirable to make use of valuable ^culiarities of any definite species in^ 
another locality, good results are obtained only by frequently renewing with 
seed from the native habitat or from habitats similarly situated. 


Sensitiveness of the Sweet Chesry. 

The complaint in different places that the sweet cherry every year suf- 
fers increasing injury from frost, the exudation of gum, attacks of fungi 
etc. is often due to the failure to observe the fact that the cherry does not 
like a heavy soil. This circumstance has been especially emphasized recently 
by Ewert‘ and deserves to be repeatedly borne in mind by the fruit breeder. 
Naturally here also some cultural varieties are able to adapt themselves 
r better to heavier soils, but in general the rule holds good that the sweet 
cherry likes a light, deep soil and flourishes especially well on alluvial sand 
■ and loose soils. The amount of nutrition in the soil is a far less decisive 
factor than its physical constitution, especially its granular condition. 

Often a scarcity of lime is given as the cause of poor growth,, which 
can be overcome by supplying lime. The improvement in growth, howeve^ 
niay pot always be traced back to the nutritive action of the lime but to the 
chwfc in the physical soil condition due to it, viz., greater friability and 
thereby increased aeration. Ewert’s statements throw light on lime as a num- 
ttve substance. He states that the sweet cherry flourishes even when the lime 
content h from 0.04 to 0.15 per cent. Soil with possibly 80 per cent, o 
^’easily washed away particles is not suited to the growth of 
with 40 to 45 per cent. CaCO„ if this is chiefly present in so fine a condition 
that it also can be- w*hed away. The cherry is peculiarly sensitive to stand- 
ing watef afld it grows best in dry soil in open places. 

The Tan Disease. 

Trees standing pn damp ground may show decreased 
if thiir early growth was rapid. The older bark cracks or, after 

Bodenarten. Landw. Jahrb. 1902. Vol. XXXi. p. 
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most corl^layers have fallen off, blister-like or flat, wartylsFellings put in an* 
appearance and later these have a diseased wooly outer surface. If the 
place becomes somewhat dry, a reddish yellow to a brownish yellow powder 
may be brushed off which in color resembles freshtan bark. This may have 
given ‘rise to the term Tan Disease.” In introducing the subject of this dis- 
ease into scientific discussion I have re- 
tained the name used by practical growers. 

The same process takes place also in 
roots and young branches. Young bran- 
ches with knotty tan pustules may be 
found in cherries. Up to the present this 
disease of the bark of the older trunk and 
roots has been observed most frequently 
in apples. Plums seldom suffer. Similar 
processes, resulting in the falling off of 
larger pieces of bark, have bqen found in 
elms and will be treated under growth 
disturbance due to marshy soils. 

In figure 23 is seen a piece from an 
apple root, natural size. Its bark has been 
broken open by cross-tears varying in size, 
the edges of which have been forced back; 
the open places are covered with an ochre 
powder or (when first taken from the soil) 
with soft, moist, brown masses. Figure. 
24 represents a cross-section through such 
a callus plape. We find the wood (e is the 
cambial zone) of a practically normal 
structure traversed by the medullary rays 
(m), most of which show no variation 
whatever. Only in some («') it is notice- 
able that in the younger portions they be- 
gin to broaden, thereby causing a looser 
construction. This process of loosening, 
however, finds its evident expression only 
in the bark where the rows of mednllaiy 
ray cells, beginning to separate from ohe 
another, form loops. While the younger 
inner bark, with its hard bast cords, still shows no change from a 
normal structure, the older layers (at left side of the illustration) display 
an impoverishment of the cell contents and some radial stretching* (IP). 
This excessive elongation of the bark parenchyma becomes greater;, the fur- 
ther toward the outside the cells lie, and it increases within the cork zphe in 
such a way that the cells lying free on the outer surface take on a poti^- ' 
•‘•'e form ( j) and are only very loosely united with one another. 



Fig. 23. Apple root with ruptured 
tan spots, natural size. (Orig.) 




If the outer surface of the root dries off, the cell pouches s'hrink and, 
in the outer layers, are entirely separated from one another. Then a tan- 
colored, powdery mass forms which may be wiped away with fhe. finger. 
EveJi the lamellae of plate cork (t) which are present at the edge in thick 
layers (of equal size, under normal conditions) and, gradually dying back 
from the outside, fall away at the place of the tan disease, are also drawn 
into the process of loosening. These split off because some of the middle 
feyers round off their cells and show a tendency to assume the structure of 
cork as will be described more fully later under the cherry. 



Fig. 24. Cross-aection throuBi a diseased spot in an apple root. (Tan disease.) 
(Orlg.) 


If the outgrowth of the bark at the edge of the tan canker and the emp- 
t^g of the cell have reached maturity, the well-known hourglass arrange- 
ment of plate cork layers occurs ((') which cut off the hypertrophied bark 
parenchyma, finally becoming cork, and it becomes an element of the bark 
scales. The cell elongation meantime advances laterally and further toward 
the inside. Thus at tu we see the beginnings of this since the bark cells, 
nortrially elongated tangentially, are becoming square in cross-section and in- 
crease in number by division in order to round off more toward the diseased 
s^e, to become more open by enlargement of the intercellular spaces (r) 
Wd finally to pass over into the radial elongation which increases to pouch- 
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like outgrowths. 'By this advance of the process of over-elongation 
into cgnstantly younger bark parenchyma layers, the activity' of the root is 
finally exhausted at the place of the tan disease. 

The injury is not so intensive in the aerial axes Sometimes in larger 
trunks the phenomenon is not noticed until the bark is closely examined. It 
is then found that some bark scales stand out raggedly. If these are re- 
moved, ^which may, be done very easily, it is observed that the outermost 
layers of the succulent bark tissue form irregular blister-like swellings which 
, rupture later and decompose into dust-like 

masses which may be wiped away ip dry 
weather. Figure 25 shows the fresh bark sur- 
face of an apple tree which has been laid bare 
by the removal of the outer bark scales. 

On this greenish brown, juicy surface 
hemispherical or elongated warty excrescences 
(o) appear very clearly. Figure 26 shows a 
cross-section through such a boil-like swelling 
in which, however, the wood, cambium and 
youngest inner bark have not been drawn. 
We recognize at the first glance the corres- 
pondence in structure with that of the tan spot 
of the root. At the lower part of the figure 
we find the bark parenchyma with three hard 
bast bundles of a normal arrangement and 
position, but close above these hard bast bun- 
dles is noticeable a change in position since 
the tangentially elongated bark cells, rich in 
chlorophyll, bepn to increase in length radially 
(r), to divide and to be arranged in parallel 
lines broken by large intercellular spaces (i). 

Fig. 25. Piece of the bark The fact that this change in tissue must have 
^rL^'disea^^”'® taken place very early, at the time of pushing 
a the calluses of the ton disease, « frag, out from the cambium, is evident because the’ 
the whole, (orig.) permanent tissue of the collenchyma («) has 

developed only one layer withjn the tissue of 
• the excrescence. The chief part of the swelling has come from the peri- 
pheral layers which have developed into cushions (w) of elongated, finally 
pouched cells (s), which have raised the plate-cork cell layers and finally 
split them. 

In explaining this phenomenon we must not forget that these tan places 
arise underneath the old bark scales, and, with a formation of full cork, finally 
■ become bark scales by suberization. Thus we find th^t the organization of the 
bark into constricted and constricting cell layers, as they alternate in the 
bark, has taken place in the young bark tissue, for we find that, in young, 
fresh bark tissue, cross bands of plate-like cells, varying in structure and the 
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{onstitution of their walls, transverse in curves (h/i) the hypertrophied tis- 
sue, which, at the bepnning, contains starch. 

This formal and functional oi^anization of the bark parenchyma which 
determines the formation of the bark may be found also in other tree barks, 
but first occurs, so far as I have observed, in the older axes in which the 
bark parenchyma has been influenced by the pressure of the bark fcales 
lying above it. On this account I have ciled these bands of tangential cells 



(nf) "Pressure bands." which later suberize, often also developing plate 

in a wet suipmer ^'^L^chlsTe^Lter bark had split or been tom 
Shows that on yellow ochre colored mass 

open m broad, irregula ^ j spot which, when tapped vigorously, 

(/) S-™ W" by th... b».d- 

be» ...y Wcbly -«b 


The first indication of the disease«occurred 6i July, when, amOTg* nor- 
mally growing trunks, the leaves of some specimens turned yelW and fell 
off. Nevertheless the terminal buds of the branches developed a vigorous 
August growth which held most of its foliage until fall. In September the 

outer bark covering split and the 
surface appeared like yellow ochre 
velvet beginning at the lowest part, 
of the branch and decreasing in in- 
tensity toward the tip. Further, 
the fact is worthy of notify that 
practically only the luxuriantly 
growing wild tfees appeared to be 
diseased. The phenomena of the 
tan were only sparsely noticeable in 
grafted trees. It was seen at once 
that branches, where they had re- 
tained their leaves, had only a few 
really tom spots in the bark, indeed 
only closed, warty excrescences, i. e. 
the younger stages of the disease. 
In the axils of two year and much 
older diseased trees, ruptured places* 
in the bark (r) occurred less fre- 
quently. Usually the individual 
centres of disease appeared there 
in the form of very broad, very 
high yellow ochre cushions running 
crosswise. 

The investigation of these cus- 
hions and of the broad, ruptured, 
discolored surfaces on branches one 
year old showed at once marked 
correspondence with those on the 
older ones; only it could not be 
seen that the lenticel cushions give 
off any dust. The discolored mas- 
ses were found to be light brown, 

rig. 27. One year old and two year cylindrical, wrinkled cork cells with 
oM cherry branches with tan cushions . - . . , t ^ « 

between the split bark stripes. (Orig.) rounded comers, which were broken; 

off indivitbially or in sgiall groups. 
The branches, giving off this dust, seem with a few exceptions to be 
otherwise healthy, only their primary bark is very much broken by the 
considerable separation of the parenchyma cells. Places with looseiied 
structure art? found in the wood as well as in the bark. Cross bands of dllct^ 
less parenchyma wood may be noticed in the stages produced towafd the 



mlddl*' of summer. These are filled- full of starch, while the normally 
constructed wood, excepting the medullary rays, has none. Within these 
cross bands the medullary rays are broadened and have gummy spots. 

The beginnings of the tap formation are found close under the terminal 
buds of the topmost branches, where the epidermis is still uninjured, but is 
already underlaid with cork, possibly five layers thick. In places, this pro- 
tective layer, consisting of comparatively thick walled cells, corresponding 
to plate-cork, shows a change even in its first stages, so that the cells lying 
directly beneath the epidermis have developed into parallel rows of cylindri- 
cal. radially elongated, brown-walled, full-cork cells. There is present here, 
therefore, the character of lenticel growth which StahT has already de- 
scribed thoroughly for the cherry and which only differs from his descrip- 
tion in that here the fuH cork cushions are rarely produced under the 
stomata. 

It is seen that an extensive formation of full cork can take place in- 
dependently of the stomata in the development of a plate-cork layer, sincp 
several layers of lenticels arc produced in which the cork formation ad-, 
Vances inward into the primary and, in fact, into the secondary bark. 

As the shoot of the current year becomes older, a second layer of plate- 
^ork appears very normally, directly beneath ’the one first produced. It has 
been found just as thick (viz., 5 to 7 cells) as the first whose cells gradually 
collapse with the apparently lessened swelling and the browning of the walls. 
During this process the normal cork covering of the cherry trunk appears 
to be differentiated into two layers. The upper, older one is very dense, 
since the cells usually have so collapsed that their cavities are recognizable 
only as fine lines; this layer passes over gradually into the second, later 
formed cork layer. In the latter, the plate-like cells are very uniform and 
their wide lumina are filled with a watery content or even with air. They 
border on a browned cell layer, with a clearly protoplasmic wall lining, 
which, as cork cambium, assumes the continued formation of -the cork layer 
occurring in places. When treated with sulfuric acid, the composition of 
the oldest, sunken, collapsed brown cork layer is easily recognizable, since 
the cells are often distended and show in places their original height and 
wfdth^ at times almost square in cross-section, while the full cork cells are 
not changed. With this treatment the layer, produced later, rounds out its 
youngest cork cells into hemispheres after the cork cambium has been 
destjoyed. 

- In the formation of the many layers of lenticels, the development of 
such elements is repeated in the secondary cork layer underneath the first 
centres of full cork. 

• nit tecond case of lenticel formation, not connected with stomata, is 
illhs^ted in figure 28. This shows the cross-section of a new structure on 

» Stahl, Entwlcklungs^eschichte und Anatomic der Lentlcell^. Bot. Z. 1873, 

srifcte. 
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the barked cherry trunk. We must imagine that.all the tissue here shown 
in the form of a callus covered with bark rests upon the old wood ^Imder 
from which the bark has been removed. 

Since reference to the anatomical processes leading to the formation of 
this new tissue on the exposed wood, is made in tbe chapter “Wounds'" 
(bark wounds), we will mention here only the fact that, if at any given time 
the bark is removed from a tree, the newest cambium, thus exposed, begins 
to grow again and covers the wounded surface with a parenchymatous tissue 
layer. This parenchymatous covering is increased by the later appearance 
of a constant meristematic layer. The inner surface of this layer, forms 
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Fig-. 28. Newly formed wood and bark body on the bark wound of a cherry trunk. 

Tbe bark sbowa a lenticel excrescence. (Orig.) 

normal cambium, which gives rise to woody tissues tc^ard the centre and 
back towards the periphery. 

Figure 28 is a new structure several months old which, in the form of a 
broad wrinkled callus, has grown on the cambium of an experimentally 
barked sweet cherry trunk. The old wood of the barked trunk has been 
omitted in the drawing; it would join on at hp. The cambial r.ohe (c) 
has sharply differentiated this tissue into wood and bark. The wood, where 
it rests on the old trunk, has a parenchymatous structure {hp ) ; whirSi later 
passes over into a vascular new wood {nh) forming libriform fibres. TTie 
strjucfure of the barls is at first irregular and corresponds to the formation 
of wodd which only gradually obtains its normal structure, for the hard 
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bast bodies begin in the form of individual, short elements (hb) with wide 
lumina and only later grow out from the cambium as connected groups of 
elements elongated like fibres’. 

The bark of the new strulture has formed a protective cork layer in 
ife peripheral parenchymatous layers which has gradually grown very thick. 
At first only plate cork was formed ; but later, in different places, full-cork 
masses (Ik) developed instead of the plate cork cells, splitting the covering 
(k) composed of the latter cells and pressing the cork cambium inward (kk) 
by their increase which extends further and further backward. • 

The full cork began to form when the whole peeled surface, for the 
purpose of further investigation, was enclosed in a glass cylinder, partly 
filled with water. While this lenticel out-growth, produced from the phello- 
gen, was only slightly .noticeable in those parts of the bark which remained 
in the air, it had developed an unusual luxuriance below the surface of the 


water. 

The tan disease of the cherry is therefore an abnormal increase of the 
normal lenticel formation. So many and such extensive full-cork cushions 
are produced close to one another that they unite, pushing off the epidermis 
in large connected tatters and appearing as uniform velvety s’"- 
ing a large part of the branch. The outermost layers of the fu 
ions are soLse that the connection between the penphera cells is broken 
by a slight blow when the air is dry; this explains the discoloration and t^ 
dLt flyfng from places affected with the tan disease, if the be 
or shaken vigorouslv. This scattering of the dust increases with the nu 
ber of full cork cells lying above one another and cushions ^ ° 

^^^^Thrawearance of the tan disease will have to be traced to the super- 
Ihe appear^ 

duron"the one'hand, to supplying the roots abundantly with water, especially 

— . _ it,- Illustration of th® beginning* of 
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those of vigorous individuals ; on the other, by the lessened transpiration of 
the bark because of greater humidify. Such conditions in the cherry lead 
to lenticel excrescences as is proved by experimentally producing an accum- 
ulation of full cork in parts of the bark kept under water and further by 
observing specimens naturally diseased. In this way it was discovered tha# 
the cork, excrescences preferred the youngest, well-leaved intemodes in 
which the bark formed folds. Such folds were produced, for example, in 
places where the vascular bundles of the leaf left the axial cylinder and 
pushed out, the bark when passing into the petioles. 

Some other observations have been made showing that the decreased 
evaporation due to increased moisture favors lenticel formation. Thus 
Stapf *, in his studies On the potato, mentions that stomata develop into lenti- 
cels if transpiration is arrested. Further, HaberlandF found that in the 
horizontal branches of different trees (the linden, elm, honey locust, etc.) 
the lenticels always occurred in greater numbers on the under side than on 
the upper side, although counting the stomata on both sides gave approxi- 
mately equal numbers. _ The under side of the branch, inclined toward the 
earth, will surely transpire less than the upper side, because of the greater 
proximity of the soil and the lesser supply of air. 

The tan cushions in plum trees are essentially similar to those observed 
in the cherry. As yet they have been observed only on old specimens with 
diseased roots. I have known of only the initial stages 4n apricots. In all 
varieties of stone fruits the cork excrescences were accompanied by marked 
processes of bark loosening which in part resulted in the shoving of the 
bast cords towards the outside. In young wood a weakly developed wood 
ring and a reduction of hard bast bundles to isolated wide bast cells, filled 
with a brownish-red gummy substance, was often noticed where the tan 
disease had not broken out. Traces of gummosis were present everywhere, 
and at times rich gum centres were found. In cherries, the especial sus- 
ceptibility of certain varieties to the tan disease may be recognized when 
different varieties are planted close to one another, as, for example, in the 
"black ox heart” and in “Winkler’s white ox heart.” 

All the cases which I have known originated on heavy soils op marshy 
meadows. The history of some cases showed that the diseased trees had 
been fertilized with stable manure or liquid manure. These statements in 
connection with the anatomical conditions lead me to explain the tan dis- 
ease as the result of an excessive water supply from the soil. When.treM 
are attacked during vigorous growth, they undergo such a disturbatice that 
the evaporation from the top is not sffccient to remove the excess ofi water. 
The decreased leaf activity, or a partial loss of foliage due to atmospheric 
influences or to pruning, should receive especial consideration. These cork 

J stapf, Beitrage zur Kenntnis des Elnflusses geanderter Vegetatlonsbedlngufl^' 
gen etc. Verb. d.'Zool-Bot Ges. Wien; cit. Bet. Jahresb., VI. Jabr^., Section I, p.'^4i 

2 Haberlandt, Beltrdge zur Kenntnis der Lentlcellen. ^itzungsber. d. Akad. 
d. Wlss. In Wien, Vol. I-XXII, Section L July No. 1876. • 
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excrescences and phenomena of loosening of bark and wood occur also in 
healthy trees, with corresponding conditions in the place of growth, but in- 
crease in the tan disease to an extreme manifestation. 

The remedies are apparent, and extensive aeration of the soil chiefly 
"{^oraises success. 

The Girdukg of the Red Beech. 

According to the description given by Th. Hartig', the disease named 
in this heading, which I have not known from my own observation, should 
be included here. Hartig found in a beech grove, 20 years old, that many 
trunks, beginning about one to two metres above the ground and extending 
to the top of the tree, were surrounded at intervals of 30 to too cm. with an 
almost circular, somewhat spirally running roll as thick as a quill. These 
rolls were proved to be overgrowth phenomena in wounds caused originally 
^y lenticel excrescences. The formation of cork had extended further and 
further backward into the bark until it reached the wood and for a year or 
two years the formation of wood was arrested at this point. No appreciable 
injury due to the disease, which occurs only in very well grown sapling 
groups and there especially on trunks of the first or second class, could be 
confirmed. 


Root Disease of the True Chestnut (Mai nero). 

This disease, very common in France, manifests itself, according to 
Delficroix^ most strikingly in damp, impervious soil and in grafted trees. 
The leaves lose their dark green color and the branches begin to dry up at 
the tips. The nuts only partially ripen and remain in the burrs. Delacroix 
found that the mycorrhiza of the fine roots had changed, as if diseased, and • 
had assumed, as he thinks, a parasitic character because the amount of 
humus was deficient. The mycelium then grows into the larger roots up to 
the base of the trunk and then, in the trunk, upward to, the branches. A 
secretion containing tannic acid results from the injuries to the roots and 
• trunk. In this weakened condition, the trees offer a suitable centre for in- 
fection by other parasites, as, for example, Polyporus sulfureus and Armil- 
laria me^lea as well as Sphaerella maculiformis. 

I include this disease at this point because of the results of a thorough 
investigation which I had an opportunity to make with material from Ren- 
nes. The explanatory letter sent by M. Crie stated that the dying branch- 
wood had an odor indicating fermentation if broken, or the bark removed, 

’ and he suspected a conversion of the tannin, whereby glucose and alcoholic 
fermentation took place. The pieces^! branches sent were thickly covered 
wi4 liche,ns and the leaves showed a browning which extended from the 
deep into the intercostal fields. 

Th., Vollstandige Naturgescluchte der forsllichcn Kulturpflanxen, p. 
lA maladie des chitaigniem en France. Ball ego. mycoL de 
■ ftinpo Xin,T897, p. 24S. 
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The roots decided the matter. They had a rough appearance due to a 
great many black, hard cushions, differing in size and flattened into hemi- 
spheres, which covered the upper surface. If treated with a solution of caustic 
potash, when the tannin, occurring as a flocculent precipitate, turned a wine 
red to brown, cross-sections show that the bark excrescences were covered by 
a normal cork layer. The primary bark had developed parenchymatous ex- 
crescences the cells of which, arranged in radiating rows, had colorless walls, 
apparently dissolving with difficulty in sulfuric acid, and had a very firm 
brown content. These bark excrescences were later cut off by an hourglass- 
like, plate cork lamella, distending the outer cork layer, and were forced out 
over the upper surface of the root as calluses by the subsequent growth of 
the inner bark. The healthy bark was filled with starch. 

In the material sent me the branches had only very slightly raised bark 
excresences, possibly % ta yi mm. broad, flattened and hemispherical. In 
them was found the beginning of a many layered lenticel excrescence suth 
as had been observed in great numbers in the cherry with the tan disease. 
The constitution of the leaves, still remaining on the branches, had already 
indicated the diseased condition of the roots. They showed a browning and 
drying up of the parenchyma in the intercostal fields, extending from the, 
edge toward the mid-rib. Finally, the parenchyma was green only in the 
immediate proximity of the ribs. The black, yellow-edged, roundish spots, 
scattered over the sick leaves and containing various fungi colonies, must 
be considered as secondary phenomena. The condition found in the 
branches in connection with the excrescences on the roots brings the disease, 
which has been termed “Mai nero,” into the group of the tan diseases. Ac- 
cordingly, the choice of fibrous or good friable land which has a constant, 
abundant soil ventilation will be the best precaution against the disease. 

The Rootblight op Sugar and Fodder Beets. 

As rootblight we designate a disease of the tissues which can set in 
even when the young seedlings unfold their cotyledons or begin to open the 
first leaflets. A black spot appears on the stem below the seed leaves which 
spreads further toward the root end (less toward the cotyledons) and be- 
comes depressed. Even if the young seedling has not reached the upper 
surace of the soil, the first stages of the disease can be recognized. Vanha 
observed that the tissue becomes glassy before turning brown. The little 
plants begin to wilt and usually break at the diseased point. Death results 
at once; If the disease is limited to a small area on the hypocotyledon steiif 
and the plant does not succumb, the depressed place will heal and a normal, 
later growth follows. Because the diseased place blackens and often 
shrinks to the size of a thread below the seed le^ives the practical §j^ower 
also calls the appearance "black leg" or the “threads." The same term is 
used as well in the blackening and softening of the hypocotyledons of cab- 
bage plants, which arise, however, from other conditions. 
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It is noteworthy that often great numbers of beet seedlings are diseased, 
and yet frequently perfectly healthy plants may be formed ctose to thesis- 
eased ones. It should be emphasized further that, when the disease develops at 
all it is found simultaneously in all parts of the field, and that, as a rule, iso- 
lated spots are not attacked in the middle of diseased fields. As the plants be; 
come older, the rootblight ceases. The healed plants usually, however, retimin 
below the healthy ones, in size and sugar content and show a tendency to- 
ward root splitting and other deformities. Stoklasa' emphasizes the fact 
that all varieties are not equally susceptible to rootblight. 

The disease has been known since the increase in beet culture in the 
30’s of the last century and, according to Stift®, the discussion as to the 
• cause of Ihe phenomenon began in 1858 at the meeting of the beet sugar 
manufacturers of the Zollverein. At that time the opinion was expressed 
by practical growers that the trouble was due to the physical condition of 
the soil, i. e., a too great solidity of the soil It was emphasized that root- 
blight was found only where the upper surface of the soil was hard and had 
not been loosened on which account a thorough cultivation and stirrin^were 
advisable. 

At the time scientists took up the question, the parasitic theory was 
already at the crest of its development. At first Julius Kiihn in 1859 gave 
expression to the opinion that the moss button beetle {Atomoria linearis 
Stephn.) attacked the plants, and, where it had eaten, the rootblight made its 
appearance. I have observed something similar’. The centipede and such 
^ nimak were also cited as causes. This theory which prevailed for many 
years was first upset when Hellriegel found that the disease could be pro- 
duced without animal injury and in many cases came from the beet- 
seed. As a result he advised a soaking of the beet-seed for 20 hours in a 
one per cent, carbolic acid solution^. Karlson, at about the same time, 
'ascribed the phenomenon to a special fungus and in this emphasized the fact 
that only weak specimens succumbed to rootblight. Seedlings from very 
good seed or those which were strengthened by an energetic growth, would 
not be overcome by the fungus carried in these seed balls (Sderanthus)’, 
The experiments in sterilizing with carbolic acid and with copper sulfate 
showed a decrease of the rootblight. In spite of the advantage due to ster- 
.ilization, Jarlson lays especial stress on the selection of especially strong 
seedlings and lays the responsibility for the spread of rootblight on our 
present cultural methods’, which aim only at obtaining large amounts of 
seed and neglect the quality. 


, X stoklasa, Jut., Wurzelbrand der Zuckerriibv, Cvntratbt. f. Bakteriologte. Sec- 
'^“"“sm'AntenNie Krankhaitvn der Zuclcerrttbe. Wien ISOO. Verlag des Cen- 
traivet. t RUbenzuckerindustne. 

die' SdiCTbg junger Riiben durch Wurzelbrand etc. 

tsderSirer 

• BMltter tttr Zuckerrilbenbau, ISOO, No. n. 



The theoiy of seed sterilization was turtaeeaeyeH^a oy Wimmer, one 
o^ellriegells collaborators* Of the different subs^ces used in sterilizing, 
carbolic acid was proved to be the most advantageous and, in fSct, when 
used in the one per cent, solution of “Acidum carbolicum crudum loo per 
cent. Pharm. Germ. II.”, To one part by weight of seed should be reckoned 
about 6 to 8 parts by weight of liquid. A warm water solution was proved 
favorable as well as a cold water solution'. 

While Wimmer left the question undecided as to the influence of the 
wefhther and the soil constitution Holdefleiss held to the theory that jthis 
and not parasitism caused rootblight. In soils favorable to the disease, He 
usually found an abundant amount of ferrous oxid, but comparatively little 
calcium. In this the tendency to choking with mud and incrustation of the 
soil are unmistakable and the discovery that rootblight was cured by abun- 
dant hoeing was in accordance with this. On this account Holdefleiss 
recommends, in addition to a continued, open condition of beet soils, a rich 
addition of burned (quick) lime (12 to 15 centner German per acre)' which 
is given with the best results to the first grown crops and not directly to the 
beef. Loges’ had good results from the addition of 7 cent, of quick-lime per 
acre. As a further contributory factor, Hollrung emphasizes a lower temper- 
ature and the fact that rootblight never extends above the surface of the soil 
to the aerial parts of the axis which are exposed to air currents. He asserts 
definitely hhat rootblight is brought about by physical and chemical causes 
making themselves felt in cold soil, impermeable to air currents. The theory 
that the soils, in which black leg of the beet occurs, are easily choked with 
mud and become hard is substantiated by Marek and Krawczynski. Ac- 
cording to Stiffs statement (loc. cit. 10 to 20) in such a soil 77.25 per cent, 
fine sand was found. ' 

Opposed to these theories, shared by many other investigators, the par- 
asitic theory was still maintained and found its most active defender in 
Frank. Frank, with Kruger, from 1892 on, made various experiments* and 
‘ determined that, besides the Pythium de Baryanum found by Lohde, and oc- 
curring in many diseases of seedling plants from very different genera, be- 
sides the Rhisoctonia. violacea mentioned by Eidam, there was a specific 
beet fungus, Phoma Betae Frank, “which not only causes heart and dry rot 
of the mature beet, but also the rootblight of the young beet roots.”* Re- 
peated discoveries in field experiments, however, soon showed even this 
investigator that weather and soil conditions exert a decisive influence. “It. 
is still undecided whether the seedling thereby becomes more su^eptible to 
, the fungus attack or whether this is not sufficiently explamed by the fact' 
that cold weather delays the growth and the plant remains unusually long 

1-' ' t 

' H<mrung, In Zeltschr. f. Rflbenzuckerindnstrle 1 . D. R Vol. 46. Part 482. 
pounds German weights equals 60 kg. or approximately 112 Bnglkdl 

* Bericht. d. Landw. Verauchsstation Posen. 189l. 

Paul Schadlinge unserer FeldfrUchta BeHln, 



223 


a #tomature condition which is especially susceptible to the disease, while 
seedhnls forced by heat pass rapidly through the susceptible stage and thus 
escape the danger.” 

In this explanation, after many modifications of Frank’s original state- 
ment, is expressed the theory that besides this specific excitor of disease, 
Phoma, a definite degree of susceptibility of the beet seedling must exist for 
the production of rootblight. Sorauer held this point of view earlier since 
he proved that rootblight can exist without the presence of Phoina and that, 
instead of this, bacterial growth accompanies the disease. We owe the most 
thorough investigations of the bacteria of rootblight to Hiltner, whose recent 
studies we will consider with great thoroughness after sketching Stoklasa’s 
theory. According to Stiffs statements (loc. cit. p. 17) Stoklasa admits that 
bacteria can produce rootblight in beets, and he considers the following 
species capable of doing so: — Bacillus subtilis, B. liquefaciens, B. fluore-, 
scens liquefaciens, B. mesentericus vulgatus and B. tnycoides; Linhardt de- 
clares the latter to be the essential cause of injury. Recently Pseudomonas 
eampestris has been added to these. Stoklasa considers that the above men- 
tioned atmospheric and soil conditions produce a predisposition in tht beet 
seedlings. He turned his attention especially to oxalic acid, normally formed 
by the life process of the plant as potassium oxalate. Soluble oxalates, 
which act as poisons, are transformed into an insoluble calcium oxalate, if 
calcium oxide can be taken from the soil by the root hairs. By thus neut- 
ralizing the oxalic acid its retarding action on the process of assimilation 
ceases and the plant recovers. If much nitric acid is present in the soil or is 
tadded in excess (strong fertilization with nitrate of soda), an hastened de- 
velopment takes place at any rate, but at the same time the oxalic acid con- 
tent increases. In such a case, if the young beet plant cannot take up suf- 
ficient calcium, it becomes predisposed to rootblight. 

As already said, we owe the most thorough study of the relation of bac- 
teria to this disease to Hiltner and Peters'. These investigators made a 
number of experiments and found that there are soils which almost never 
show any rootblight and, conversely, there arc others in which the disease al- 
most always appears. They concluded from this, that many soils are in a con- 
dition to lend a certain protective power and they perceive that this pro- 
tective peculiarity is the ability of the immunizing soil to provide the outer- 
most cell layers of the roots of the beet seedling with such micro-organisms 
as can prevent the penetration of fungi and bacteria producing rootblight. 
Hiltner «nd Peters calk this protective sheath, which they had observed 
similarly in peas, “Bacteriorhiza." If its formation be prevented by steri; 
lizing the soil and killing the protective soil organisms, in case the seed had 
not been previously sterilized, the fungi and bacteria causing rootblight 
could enter the youjg seedlings and destroy them. 

* Hiltner, L., and Peters, L., UntersuchunEen Uber die Keimlingskrankheiten 
dep Zucker- und Runkelrtiben. Arb. d. Biolog. Abt. f. Land-und Forstwlrtsch. am 
Kaia desundheitsamt, Vol. IV, Part S, ISIM, p, 207. 



' 2^4 

The words of Hiltner and Peters themselves best show how litfle the 
organisms per se are to be feared and how the chief cause of the dise^e is to 
be sought in the conditions making the plants susceptible. In speaking of 
the_ results of their experiments, they say (loc. cit. p. 249) “this result, how- 
ever, shows that the production of diseased seedlings in the seed bed presents 
a rather complicated phenomenon. This cannot be laid exclusively to the fact, 
(heretofore almost universally accepted) that parasitic fungi or bacteria ac- 
cumufate gn the seed balls, then passing over to the roots, for these organ- 
isms in themselves cannot cause the diseased conditions of the beet. Only 
after the resistance of the roots has been weakened by the influence of cer- 
tain substances, viz., oxalates, can otherwise harmless parasites attack them." 

According to Hiltner’s theory, the substances or circumstances predis- 
posing a plant to disease are produced by the decomposition of the tissue in 
the seed balls, either on the field as a result of unfavorable weather, or later 
in storage because of too great warmth. 

A work by Sigmund* reports upon the advance given to the occurrence 
of rootblight by the fact that the micro-organisms especially concerned in 
it (Phoma and Bacillus mycoides) find certain organic compounds in the 
nutrient solution of the host. After he had emphasized the fact that the 
parasites are not able alone to increase the disease, he mentions that the 
number of diseased beet seedlings can be increased if glycocol, uric acid, 
asparagin, hippuric acid, leucin, etc., are found in the nutrient solutions of the 
micro-organisms named and the beet balls are soaked in this nutrient so- 
lution. 


In this important disease we have simply listed, first of all, the various 
theories and results of investigations as they have appeared from time to 
time, in order to show that with all observers, in spite of their very different 
points of view, one statement is found running through all their discussions 
like a red line, viz., the influence of the soiP. This influence shows itself 
most distinctly in heavy, binding soils. It can make itself felt also on other 
soils if they are encrusted for any reason whatever. The prime factor under 
such conditions is the scarcity of oxygen. At present we cannot say defi- 
nitely what processes are started in the soil, seeds and the young plants. In 
the same way, no definite decision can be made as to whether rootblight is a 
constitutional disease, i. e. a deflection of the normal life functions leading 
to tissue decomposition, or a parasitic process, i. e. a process producing the 
same result but caused by the co-operation of micro-organisms. If, as we 
believe, in the majority of cases the latter should he granted, we must bear 
in mind emphatically the fact that these organisms, no matter whether fungi 

1 Sigmund, Wilh. Beitr^e zur Kenntnis des 'Wurzelbrandee der Rtibe. Natur-^ 
wlssensch, Ze-ltschr. f. Land- und Forgtwirtschaft, 1906, p. 212. * 

2 Further material from practical sources may be found in the annual report 
of the Special Committee for Plant Protection. (Jahresberlcbte des Sonderaus- 
schusses fUr Pflanzensghutz. Peutsch. Landw.- Gesellsch. 1892-1906). 
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or bacteria, can only destroy the seedlings where they have some predis- 
position to take up such organisms. This predisposition is the product of 
the soil in which they are grown under definite atmospheric conditions. 

Therefore, the soil condition is always the first cause affecting the as- 
similatory process and inducing rootblight. The question whether this affec- 
tion always takes place with an excess of free oxalic acid and whether the 
abundance of the acid acting poisonousiy is due to the formation of^ore 
acid by the plant body or that less acid is oxidized because of a scarcity of 
oxygen, may be left for later investigation. It is enough for our purpose to 
know that the disease is a result of a binding consistency of the soil under 
unfavorable atmospheric conditions, i. e. cold, wet weather. 

We will now return to the statements of practical workers, who, from 
the beginning, have insisted that the cause of rootblight lies in the condition 
of the soil. 

» When citing these expressions, we come to the self-evident regulations 
for fighting it. Briem reports a case from the years 1904-1905*. On a newly 
broken field near Prague in 1904, with cold, wet weather, and a consequent 
slow growth, beets were extensively root blighted although until that time 
the phenomenon had been rare. Also, the beets did not revive completely 
until later. The same field in the following year, after a rich fertilizing with 
potassium, nitrates and phosphates, was again planted with commercial beets. 
As a result of the very wet, cold weather, the seed sprouted only at the end 
of two weeks (on the 24th. of April). It was feared that, with the weakened 
growth resulting from the cold nights, rootblight would again set in. Fort- 
tinately thi?“did not happen and the warm days, coming at the beginning of 
May, soon caused the rapid, vigorous unfolding of the first pair of leaves. 
However, when, on the 20th of May, a violent rain had beaten the field 
down unusually hard so that water could only soak in yery slowly, many 
seedlings showed the beginning of rootblight after five days. This example 
of the result of a sudden exclusion of the air from soil, beaten hard by rain, 
shows therefore that it is primarily advisable to', keep the upper surface of 
the soil constantly open by cultivation. Secondarily, even if the soil contains 
lime, a further supply of quick lime must be given. The effect of tjie lime 
must not always be considered as a nutritive means, but as a mechanical one 
for improving the soil since it increases its friability. Superphosphate has 
given good results^ In fields liable to these conditions, increased attention 
"should be given to the use of as vigorous seed as possible. 

^ If one wishes to sterilize the seed which, according to our theory, is of 
very little advantage*, a carbolic acid solution should be used. For the 
sterilization of one hundred and twelve pounds of beet seeds 1.5 k. carbolic 

1 Briem, H., 'Wurzelbranaentdcckung und kein Ende. Blatter f. Zuckcrrllbenbau 
'V. June 16, 1905. 

2 Zeltschr. f. Pflanzenkrankh.. 1896. p. 54 and p. 840. Landwlrt, 1896, Nos. 15, 17, 

21. Jahresber. d. Sonderausschusses t Fflanzenschutz, 1902. , , 

» Hlltner'ln MUteil d. pfianzenphysiolog. Versuchsstat Tharand. Sacbe. landw. 
2eit 1904, Nos. 16-18. 
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acid (Acidum cdrbolicum liquidutn critdum loo %) or the more expensive, 
pure crystallized acid in 3 hi. water. To test the acid’s desired solubility, 0.5 
grams should be shaken thoroughly in one litre of water; this should dis- 
solve in from 5 to id minutes. When the sterilizing solution is ready, 
the seeds are poured into it and stirred about repeatedly and vigor- 
ously in the course of the next few hours. Then the seed is pressed down 
with weighted boards so that it remains entirely covered by the solution. 
After abojit 20 hours it is taken out and spread in a thin layer in an airy 
place and stirred often with a rake. As soon as it is sufficiently dry it can 
be planted with a drill, but it may lie for some time, when completely dry, 
without being injured. 

If it is desirable to ’use the sterilizing solution several times, it is neces- 
sary only to replace the liquid lost by pouring in the needed quantity of a 
stock solution. However, considering the cheapness of the material, it is 
well not to use the solution too often'. , 

Instead of sterilization, the coating of the seed with calcium carbonate 
seems to us to be advantageous. 

But the main thing is to work the soil, for even the most carefully 
handled seed, found to be faultless in the germinating tests, can become dis- 
eased. Hiltner, in his above-mentioned work, gives some suggestions in this 
connection which are well worth consideration. Up to the present in trade, 
the quality of the seed has been tested according to its behavior in the seed 
bed, by means of a suitable method. It is now seen, that the number of 
diseased seedlings increases, the longer the seed is left in the seed bed. Ex- 
periments show that if, for example, the seedlings are taken from the sand, 
seed bed on the 9th day, often more than ten times as many are found to be 
diseased as when taken out on the 6th day. To this it should be added that 
if the seeds lie close to each other the mutual infection is considerable. Be- 
sides this, the number of diseased seedlings differs greatly, depending upon 
whether the seed was soaked or not and whether distilled water, water 
free from calcium, or water containing calcium, was used for the soaking. 
If finally it is taken into consideration that the constitution of the soil de-‘ 
cides the subsequent behavior of the seedlings, it will be concluded that the 
methods at present used for judging of the quality of the seed give no pro- 
tection and no standard for beet seed. In order to obtain an insight into the 
germinating power, the best seeds will have to be tested in as many germi- 
nating seed beds as possible and with different methods'. The best germinat- , 
ing results, however, in no way give a guarantee as to rootblight. This depends 
upon whether the micro-organisms present in the dried blossoms, containing’ 
the seeds, find an opportunity of so developing in the soil that they can attack 
the young seedlings. 

1 Wilfarth, H„ and Winuner, G., Die Bekampfung' des Wurzelbrandes der Riiben 
durch Samenbeizung. Zeitschr. d. Vereins d. Deutschen Zuckerindustrie, Vol. BO, 
Part 529. 

2 For tbe difference in germination of the seed treated in the same way. but 
sown in sand and in soil, compare the reports by Marek in the year Book of the 
German Agricultural Society. (Jabrlj. d. Deutsch. Landwirtseb. Ges. 1892.) 
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Tropical Plants. 

In consideration of my standpoint, that in much of our cultivation too 
little account is taken of the soil conditions, especially, of its physical consti- 
tution, I think it necessary to refer also to the demands of tropical plants on 
the physical peculiarities of the cultivated land. In regard to tropical plants, 
I base my theory on the statements of Fesca* who has often given his own 
experiences, and further, on the recent publications of the Biological Agri- 
cultural Institute at Amanih 

As we shall see, in these injuries, as in those in temperate climates, 
phenomena are often involved which are due to scarcity of oxygen mani- 
fested in heavy soil or in soils which have become compacted through culti- 
vation. Many plants in the tropics can develop accessory organs with a scar- 
city of oxygen, like the adventitious roots from the trunks of trees buried or 
covered with slime. The palms (Phoenix, Kentia, Chamaerops etc.) can 
develop root branches growing perpendicularly out of the soil which have a 
peculiar respiratory arrangement (Pneumathodes) ; this appears as a mealy 
coating extending backward for a certain distance from the tip of the root. 
This mealy condition is produced by the increase, enlargement and breaking 
up of the outer layers of the rootbark with a rupturing of the epidermis and 
an almost complete suppression of the schlerenchymatic ring. Jost® deter- 
mined experimentally with Phoenix that these pneumathodes remain in the 
soil when it is well aerated, but, on the other hand, are raised above the sur- 
face of the pot if it is submerged in water. Similar arrangements were 
found also in Pandanus, Saccharum and Cyperus. 

Root-Rot of the Sugar Cane. 

Among the numerous diseases of sugar cane, root-rot plays a prominent 
part. In Java it is considered the worst enemy of sugar cane culture. Nat- 
urally growers- have not failed to cite the micro-organisms (VerticiUium 
(Hypocrea) Sacchari, Cladosporium javanicum Wakker. Allentospora rad- 
icicola, Wakker, Pythium etc.) colonizing on the diseased roots as its cause. 
Nevertheless Kamerling’s* recent experiments have now confirmed beyond 
all doubt the supposition that a constitutional disease is concerned here. 


1 Feoca, Der Pflanzenbau in den Tropen und Subtropen. Berlin Stisserott. Vo!. 
I, 1904. 

,2 Aa aald above, the statements on the phenomena of disease in cultivated 
tropcal plants serve chiefly as proof of the necessary consideration of soil and at- 
mospheric conditions as a cause of disease. In the descriptions we can sujn up the 
mate^al more briefly since abundant literature easily makes possible special 
studies. Besides the magazines already mentioned, pp. 65 to 87, the recent publica- 
tions of the Usambara-Post furnish valuable material. “Der Pflanzer,” Adviser for 
Tropial Agriculture” issued with the co-operation of the Biological Agricultural In- 
stitute, Amanl, by the Usambara-Post, 1905. ("Der Pflanzer,” Ratgeber fiir tropische 
Landwirtschaft unter Mitwirhung des Biologisch-Landwirtschaftiichen Institutes 
Amani, herausgageben durch die Usambara-Post, 190B.) 

« Jost, Bin Beitrag, zur Kenntnis der Atmungsorgane der Pflanzen. Bot Zeit 
*3887, No. 87. 

* i^merling, Z., Verslag van het Wortefrot-Oenderzoek, Soerabaia, 1908, 209 
pa^es, with 19 Plates. 
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resulting from compacting the soil. Raciborski with Suringar* has expressed 
the theory, earlier proved, that by transplanting sugar cane, which had suf- 
fered from this root disease, known as Dongkellansiekte, to other soil, the 
plants would become healthy. The disease occurs' especially on heavy clay 
soils and manifests itself in Java, when at the beginning of the spring mon- 
soon the plants die with alarming rapidity after they have already shown for 
some time an abnormal branching of roots and also deformed root hairg. He 
investigated the soils in w'hich the disease occurred and found that they did 
not have sufficient friability and easily became compacted. The permeabil- 
ity of the soil can be increased by supplying humus, since this, as also ferric 
hydroxide, or silicate rich in iron, favors the formation of friable soils. Since 
the humus is gradually lost by oxidation, care must also be taken to retain the 
porosity of the soil by a renewed supply of stable manure, rice straw or 
green fertilizer (compost). 

According to Wakker’s^ studies, many leaf spot diseases seem either 
directly produced by moisture in the soil (if of a parasitic nature) or favored 
by this moisture. Wakker found in the vicinity of Malang “a yellow streak- 
ed, banded disease," “rust," "ring spot disease,” as well as the red and yellow 
spot disease. While he considers the first named as a parasitic phenomenon 
favored by moisture, he explains the yellow spot disease, in w'hich the leaves 
acquire somewhat elongated, greenish yellow spots running into one another, 
as a hereditary constitutional disease. 

Diseases of Cotton. 

The majority of the cotton diseases may be considered at present to be 
of parasitic origin, but I doubt if this will always remain the case. With the 
conviction that many of the micro-organisms already found are to be con- 
sidered parasites of weakness, naturally the first existing factor must be 
considered as decisive, viz., the disturbance in nutrition causing the weak- 
ness which first offers the possibility of infection by the fuijgus. This will 
have to be sought primarily in weather and soil conditions. . 

Examples of disease, in which only the soil is considered as the cause 
in the rainy sea'son, are reported by Vosseler® froitt our East African col- 
onies. In 1904, in the district of Kelwa, there occurred a "browning of the 
stems,’’ which produced greater damage in that region than all the other 
diseases which had appeared up to that time. Brownish black spots were 
produ(^ in the bark below the tip of the main shoot, as a result of wl)ich 
foUowei^ the dying of this part as well as of the upper lateral shoots. The 
disease appeared, however, only on so-called sour soil. 

I Kamerlingr, Z., en Surlngar, H., Oenderzoekingen over onvotdoenden en 
ontijdlg Afaterven van het riet als gevolg van wortelziekten. Mededeelingen van 
het Proefstatlon vor Sulkerriet en West- Java, No. 48; cit, Zeltschr. f. Pflanzenkr., 
1901, p. 274, and 1904, p. 88. 

i Wakker, J. H., De Bladzetkten te Malang. Archlev voor de Java-Suikerindua- 
trie, 1894. Afleverlng 1. $ 

* Ytynsler, Zwei BaunrwoUkrankbedten;. Immune Baumwollsortep* 
Biolog.-LandwirUch. Instltut Amani, 1904, No. 82. 



The red spot disease of the leaves, occurring to a devastating extent 
along the whole coast, was a second phenomenon. A pale border appeared 
along the edge of the leaves ; the zone was distinctly cut off from the inner 
portions by a zigzag line. Dark red spots, or a uniform red coloration with 
which a deforming of the leaf surface was often connected, then appeared. 
The disappearance of this trouble with the appearance of drought indicates 
that the soil during the prevailing wet weather had unfavorably affected the 
growth of the cotton. Vosseler seems to suspect that the dreaded “wilt dis- 
ease” should be included among the climatic diseases and refers m this to 
the possibility of producing immune races by growing plants from seed of 
healthy stock in diseased fields. According to SchellmannS cotton cannot 
grow on stiff clay soils and sour humus soils. 

Castor Bean Cultures. 


Although Ricinus thrives in subtropical and even in temperate zones, 
according to Zimmermann^ it is extensively cultivated only in the tropics 
where it grows from sea level up to possibly 1600 m. The oily seeds are the 
desired crop. At any rate an abundant supply of nutriment is needed for 
Ricinus, since it makes very great demands on the soil. The plant also re- 
quires large amounts of water while growing. Later, however, the physical 
constitution of the soil has a determining value in the matter, since the plants 
do. not thrive in all soils which, not well drained, remain constantly 
wet. These observations in the tropics correspond with our experience in 
growing Ricinus as a decorative plant. Only the plants develop well which 
have plenty of room and a porous soil, rich in nutriment. W en grown m 
pots, to which much nutriment is added by fertilizing salts, the earth becomes 
encrosted and the plants remain small and weak. 

Tobacco. 

Very instructive examples of the determinative influence of the soil are 
furnish^ by Hunger’s’ observations on the development of ^ the Delh 
fobacco and its different behavior toward the “Mosaic Disease, which will 
be reported more fully> the section on enzymatic diseases 

Lnger says that a soil of white clay in which much sand has been 
• ? At. for thin-leaved tobacco if the amount of precipitation is 

gt,:t;fs— ^ “ 

shoots, all of which are sickly. 

' • iqak ‘Wn 1 Here &lso older litera-ture. _ 

1 Ber Pflanzer, Usambara-Po^ WS. pganzer, Batgebw fur tropische 

. , Zimmerman. A., gm Inst.tutea Amani, 

dumb d“'us'“'>"a-P03t „ Botanist at the e^eri- 

. T'^ltschr. f. mu AM. d. Bot Gart. zu Bu.tonzorg) has had at 

- SSdtoo&K-a'vs material for observaUon. 



If the qlay soil lacks sand, however, and becomes loamy, it is useless 
for tobacco culture. The roots of the plant develop scantily and are often 
deformed. The leaves are not of the right length and are of poor quality. 
The mosaic disease appears a week or two after transplanting. The red, 
•atmospherically disintegrated soils of Ober-Langkat are pretty compact and 
here the plants are squatty ; the leaves standing close above one another are 
not especially thin while the mosaic disease occurs rarely. It only appears 
exceptionally on the shoots which, after topping, develop sparsely. 

On dark soils rich in humus, tobacco has an enormous, well-proportioned 
development; the very large leaves are dark green and thin. The mosaic 
disease abounds. . ' 

This disease scarcely, if ever, occurs on the peaty, porous, Paja soil, 
which has a high water-holding capacity. The enormous leaves almost 
never wilt in -the soil containing much water, but are very thick and rich in 
oil ; with fermentation they become dark colored and are therefore not very 
valuable. On fresh Paja soil the mosaic disease cannot be produced even 
by topping. 

Coffee. 

The tree, which of all our tropical plants deserves the most consid.er- 
ation, coffee, is extremely susceptible to soil conditions; although droughts 
are not favorable and it likes best to grow in soil which even at a time of 
drought keeps fresh, yet it withstands drought much better than too much 
moisture. If, during the rainy season, it is covered with water for only a 
few days, it becomes irretrievably diseased. A sufficient capacity for water 
in the soil, combined with abundant aeration, is therefore its chief need. 
Freshly cleared forest soil is found to be especially favorable for its culti- 
vation. Black rust (saiarte roest) and canker diseases (Natalkrebs and Java- 
krebs) (Djamoer oepas) with their diseased cambium are probably physiolo- 
gical disturbances introduced by unfavorable soil and atmospheric conditions 
and result later in fungus ,attack. The Liberian coffee is said to be less sus- 
ceptible to impervious soil than the Arabian, and flourishes where the latter 
fails'. 

The leaf disease described by Zimmermann as "Blorokziekte”^ seems 
to me also to belong here. The leaves develop convex, yellow spots. Later, 
the epidermis ruptures on these spots and the cell contents turn brown. The 
trees in Java, to be sure, are not killed by this disease, but their fertility is 
greatly reduced. As the result of an excessive water supply^ Zimmermann 
observed' the so-called “little stars,” occurring rarely in Coffea Uberica and 
more frequently in C. arabica ; i. e. blossoms which open prematurely when 
incompletely developed and therefore remain sterile. The disease should 

1 Delacroix, G., Les maladies et les ennemis des caf^iers. II 6dit Paris, Chala- 

mel, 1900, p. 8. • 

2 Teysmannia 1901, p. 419. 

* ^nlge Pathologlsche en Physiologische Woarneminger over Koffie. Mededee- 
lingen ult S’Lands Plantentuin, LXVII. * 



hot be confused with the black discoloration of the blossom buds passing 
under the same name. These buds finally fall off unopened. Different kinds 
of root moulds have been described and considered as the cause of root-foth 
I think it will be necessary to study here the question whether parasitic 
fungous forms can attack the plant injuriously only when the roots have 
already been weakened by unfavorable nutritive conditions. 

Cocoa and Tea. 


Fesca says in regard to the cocoa tree “extremes of soil stnfcture, poor 
sand, as well as tough clay, are not favorable to the cocoa tree. Rather it 
demands greater soil depth and freshness, without the necessity of enduring 
standing water, as well as greater humus and nutrition content, than does 
coffee.” The same author, who himself has analyzed good tea soils in Japan, 
say of tea, that he found in a more compact soil, 30 to.40 per cent, of water 
as capillary water. Tea demands a sufficiently deep soil which is free from 
standing water, to which it is very sensitive. Here too a still little understood 
fungus is described as the cause of a root disease. It is said to result in the 
early death of the bushes, especially when growing on damp soil. Neverthe- 
less Fesca* assures us that he has never yet seen the disease on well aerated 
soils. We might also trace the diseases of young tea plants described by 
Zimmermann* to an unfavorable place of growth, although a fungus bearing 
lobed haustoria has been observed at the disease centres. The leaves become 
flabby and discolored ; the stems turn brown at the base or higher up where 
the root seems healthy. Often only the leaves show brown spots, especially 
on the midrib. The fungi developed from the diseased parts of the stem 
(Nectrieae) could not produce the disease even in infection experiments. 
In dry weather the disease decreases considerably. Also transplanting the 
seedlings from the closely planted seed bed arrested the disease. If we have 
considered here with the greatest brevity the soil demands of our most impor- 
tant cultivated tropical plants, it must still be added that naturally the climate 
remains the decisive factor. Among these climatic factors especial attention 
must be given to humidity since the quality of the harvest often depends 
considerably upon this. In cocoa plantations in Kamerun, for instance, it 
may be ’observed that the quantitative production of the trees is unusually 
abundant, but the quality of the fruit is only mediocre as the result of great 
dampness. The trees also are short-lived here. 

Other Tropical Plants. 


Of grains. Make requires, first of all, a deep, mellow soil free from 
standing water and cannot thrive on tough clay. Sorghum behaves similarly 
but is still more sensitive- to cold and dampness and, because of its deep root 

1 Bolletim del InStitto Ksico-Gvographico <te Costa Kica, tSOl. 

2 Loo. clt, p. 273. ... troDiache pflanzenkrankhelten. Bonder- 

• > Zlmmermonn, Untci^iucjiungen Uber troplach jj 

beriOhte ttber Lan- und Forstwirtachatt In Demscn oaian 



.system, is very resistant to drought. This accounts for its growth on trop? 
cal and subtropical steppes. The Negro or brush millet (Pemketum spiea- 
tum) is entirely unsuitable for firm soil, but is excellent for porous soils in 
dry localities. The other millet varieties behave similarly. 

The Leguminos^ae, which are suitable for growth as a second crop be- , 
cause of their usually short vegetative period, may, in the tropics and sub- 
tropics, acquire great importance not only as collectors of nitrogen and as an 
excellent nutritive substance, but are also valuable on account of their close 
shading of'the soil, preventing it from hardening and as soil loosening, green 
manuring plants. The plants make good growth in dry soils; — accordingly 
heavy soils, in regions with abundant precipitation, are not suitable for them. 
Busse’ has given more detailed studies of sorghum diseases and their rela- 
tions to atmospheric conditions. 

Of tuberous plants, the sweet potato requires about the same cultural 
conditions as our potato. The cassavas (Manniok) require deep, loose, dry 
soils, but rich in humus. The moisture-loving Maranta species, furnishing 
arrowroot, also requires looseness of the soil, on which account virgin soil is 
found to be less suitable because of its compactness. Even Taro, the tubers 
of the different Colocasia species, which requires a great deal of moisture, 
flourishes only when the soil is pervious. The same is true of the Yam, 
which is derived from different species of the genus Dioscoi^^ In regard to 
poppy culture and the harvesting of opium, reference should be made to 
Braun’s® work, and in regard to rubber plants and especially the Liana, 
root and herbaceous rubber plants, to studies by Zimmermarm®. 

Means for Overcoming the Disadvantages of Heavy Soils. 

Drainage. In this we have to take into consideration not only, soils 
rich in clay, but also those sandy ones whose graular structure is so fine 
that they can become as closely compacted as clay soils. 

Of the practical means used to increase soil aeration, drainage deserves 
to be named primarily. It facilitates the exchange of air in the soil inter- 
stices as well as removing stagnant water accumulations after every rain. 
The drainage pipe acts as an apparatus for sucking up air. When the rain 
fills' the soil, it forces out the air which has a less oxygen content than the 
atmosphere, but is richer in carbon dioxid. But since the rain is quickly 
soaked through the drains, air rich in oxygen streams just as quickjy from 
the surface down into the pores increasing, thereby, the processes of oxida- ■ 
lion in the soil and the activity of the roots and micro-organisms ifeeding 
oxygen. 

The fear that drainage will impoverish the fields has rare^ any founda; 
tion, since the numerous analyses of drain water show only slight tra^s pf . 

1 Busse, Walter, Untersuchun^en iiber die Krankheiten d^ Sorgbum-Hlrse. 
d. Biolog. Abt £. Land- u. Forstwlrtschaft a. Kais. Gesundheitlamte, VoL IV, Ban 4. 
1904, 

• * Der Pflanzer, 1905, No. 11-12. 

« Ibid, Nos. 8-J.O. 



potassium and ammonia as well as phospliofic acid, which had been abi,. 
sorbed by the friable soil. Nitrates, because of their easy solubility, at any 
rate, are lost in larger amounts, but they are also partially washed away 
from undrained soil into the subsoil. 

. Further, the soil capacity for heat, increasing with drainage, should not 
be underestimated as well as the improvement of the crop produced, of 
which it may be said in general that damp, and therefore cold, soil produces 
crops poorer in nutriment. The reason why damp soil is cnld- is evident 
from considering the fact that if water has a specific heat equal- to one, the 
highest specific.warmth ever shown by soil is only equal to 0.5 ; i. e. at most 
half that of water. If this water which is the hardest to warm is. removed 
by drainage, the soil must become warmer. Previous to drainage, the soil 
remained cold until late in the spring, thus causing a later awakening of 
vegetation and a later germination of the seed. A cold place of growth is 
especially disturbing to young plants, since it holds development back in a 
developing phase, which is determinative for the whole later plant. The 
root system becomes poor, the appearance sick, and later favorable temper- 
ature conditions are not able to overcome the bad condition. One of Stbek- 
hardt's* experiments with winter rye may serve as an example. The ex- 
perimental plots differed in drainage and soil porosity. One plot was 
traversed at a slight depth by a drain possibly 2.5 cm. wide and in such a 
way that the pipe, bent at right angles at one end of the drain, opened like 
a chimney toward the upper surface of the soil. The soil of this plot, as 
well as that of the undrained one, was broken up 50 cm. deep, While a third 
plot was dug only 25 cm. deep and not drained. In corroboration of earlier 
results obtained with lupin, oats and the like, the harvest showed an ap- 
preciable excess on the drained lot, although the young plants showed no 


difference before spring. 

Reckoned per acre this crop amounted as follows : 


Part . I, drained and dug 50 cm. deep 
Part II, undrained fcd dug 50 cm. deep 
Part III, undrained and dug 25 cm. deep 


Grain 

Straw 
and Chaff 

Totals 

kg- 

kg- 

kg- 

539 

1470 

2009 

411 

928.5 

1339-5 

338 

859-5 

1197-5 


Lot I. 
Lot 11. 
Lot .III. 


Grain content 
per bu. 
40.80 kg. 

39-85 kg. 

37-70 kg. 


Nitrogen content 
of the grain 
2.18 per cent. 

1.83 '• “ 
1-83 " " 


Patz^ referring to the use of drainage for removing iron from newly 
broken soil, says, “usually iron is found directly under the surface of the 
s^l and at the height of the usual ground water level. The ground water 


1 Chemlscha Ackersmann, p.232; P- IM; P- 22- ' 

* » Hannoversche landw. Zeit 1880, No. 45; cit. Bledorm. ContratbL t AgrlK. 

Cfieibie, 1880 , p. Oil. 



parries the- iron upward an4 in many cases cements the sand grains in the 
soil at the usual height of the ground water level in such a way that often in 
laying a drain, a hard, stone-like, red soil is found. By laying drains cor- 
rectly and systematically, with the horizontal drains intersected at right 
angles by the absorbing drains, the latter having at least a depth of 1.2 m. 
and the distance between every two drains being kept 10 times the depth, 
the level of the ground water will be lowered to the depth of the drain and 
no more iron will be carried to the soil above the pipes. The iron already 
present in the soil will be dissolved by the atmospheric precipitation and led 
to the dainage pipes or it will remain in the soil as the non-ipjurious oxid.” 

Working of the soU. Where there is no need of carrying away 
excessive water, furrowing and deep plowing, instead of drainage, will often 
serve the same end. In this care must be exercised if, with fertile, friable 
soil, there is a prospect of bringing a dead subsoil to the upper surface by 
the furrowing or plowing. In addition to fertilizing each time, the gradual 
deepening of the friable soil should take place at least over a period of 
several years. Since, with the deepening of the friable soil, the root surface 
becomes extended and, accordingly, an increased harvest takes place with a 
greater utilization of the soil, an increased supply of manure is demanded 
with the increasing loosening of the soil. 

In soils inclined to crust, but otherwise not unfavorably constituted 
physically, hoeing and hilling suffice for increasing the soil aeration. This 
cultivation, vvhich can scarcely be sufficiently recommended to the agricul- 
turist and the gardener, and which can be used in any soil, regulates the soil 
moisture. 

Some good, practical experiences as to the advantages of loosening the 
soil, may be found in the reports of the German Agricultural Society’s 
special committee for the protection of plants (Landwirtschaft-Gesell- 
schaft). We will cite a single example which is supported by comparative 
experimental cultures. In Skollmen* (East Prussia) Mentzel divided mto 
two parts a field planted with mixed Swedish wheat, Epp wheat and Kas- 
trdmer wheat, and kept one half of it loose by harrowing after every rain, — 
i. e. by working with the narrow bladed cultivator,— |[)ut did not work the 
other half. Although its soil was better, the latter half yielded only 2160 
kg. per acre, the former, however, 2650 kg, 

A green manure fertilizer turned over deep in' light soils and super- 
ficially in heavy soils, acts in the same way as this loosening of the soil sur- 
face. By means of this green manure the capillary raising of the water 
from the underlyng soil layers especially is interrupted^ On the one hand, 
the moisture is thus retained in the deeper layers of the lighter soil ; on the 
other hand, in heavy, wet soils, a well aerated, friable surface is formed so 

1 jahresb. d. Sond.-Aussch. 1 PflanzenBChutz. Arb. d. Deutsch. Landwirtsefx.- 

Ges., Part 107, 1905, p. 64. - < 

2 Kins, F. H., Tenth Annual Report of the A^c. Exper. Stat. at Wisconsin, 1884. 
p. 194. 
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that the seeds can germinate normally. The stronger, more sturdy plants, 
which have passed through the most critical ge’rminative stages, are theri' 
better able to combat the soil moisture, which rises capillarity higher and 
more rapidly after the green manure has decomposed. 

Freezing The loosening of heavy soils in winter through a suitable 
freezing is of the greatest importance in their cultivation. If we take into 
consideration that water, when converted into ice, expands about one- 
eleventh of Its volume, it is evident that the more closely lying soil particles 
are forced apart by the ke crystals. Also, since rocks are covered with a 
network of fine cracks, into which the water gradually soaks, the frost is 
constantly decomposing them and in fact the effects are greater as the 
freezing and thawing alternate during the winter. Naturally the rapidity of 
the action will depend upon the composition of the soil, i. e. on its water 
content. The smaller this is, the more quickly and deeply the frost can 
penetrate. Therefore, heavy and humus soils will freeze and thaw most 
slowly. Wollny’s^ experiments show the advantage accruing to the soil 
from the loosening action of the frost. He had two plots of land loosened 
up in the fall and left lying in open furrozos, while a third was not worked. 


This plot and one of the two others were turned over in the spring while the 
third was worked only superficially. It was then proved that for the Various 
plants cultivated, the yield was smaller from the plot which had not been 
left fallow in the fall, while the largest harvest was given by the one in 
which the open furrows froze during the winter and were broken up once 
more in the spring. 

Mulching. We now come to the advantage derived in heavy soils from 
the covering of the friable surface with litter, after having considered earlier 
the protection given light soils by such a covering. The greatest advantage 
is that the covering substance prevents the compacting of the soil particles 
since it takes up the force of the rain drops and, conducting the water slowly, 
spreads it over the surface of the soil, thereby keeping the friable surface 
more porous. In nurseries the seed also germinates more uniformly in 
covered beds. The weeds do not grow so vigorously and can be more easily 
and completely removed, since they root more superficially in the looser 
soils. 

The great air variations between day and night produce a heavy for- 
mation of dew in the porous covering material. This runs off to the benefit 
of the underlying soil and increases its fertility. If bark is used to a depth 
of' I to inches, it furnishes a covering for the seed beds in winter and, 
in the spring, a protection against the penetration of frost and the cracking of 
the soil. 

Seed and seedling beds should have water given them in June or July. In 
August the ground is harrowed and, in case the bark should then be covered 
too deeply, the exposed soil is covered with new bark. Snares for the control 


.1 WoUny, E., Ueber den Binftuss des Winterfrostes auf die Fnichtbatkolt der 
Ac&ererden. Biedermann’s CentraJbl. 1902, p. 501. 
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of the unevitable June buggre made of heaps of scattered, moist bark which 
heats itself. The June bugs lay tlieir eggs in these heaps which later, with 
a part of the underlying earth, are put in a wagon and worked up with peat, 
or lignite, ashes,. lime, plaster and organic refuse to a compost pile, which, 
after a year or two, kills the grubs. 


Harrowing. 

Harrowing is a process which should find mention here. Anderegg' 
has published very notenmrthy results of harrowing meadows. A meadow 
of uniform soil composition and mould was divided into four equally large 
lots. These yielded, — 


(1) . Unharrowed and unfertilized 377 kg. hay 

(2) . Unharrowed but fertilized S33 kg. hay 

(3) . Harrowed but unfertilized 770 kg. hay 

(4) . Harrowed and fertilised 1563 kg. hay 


Harrowing winter sown grains not only re-opens 4 :he encrusted soil, but 
also increase considerably the formation of young shoots. Director Con- 
radi®, however. Justly points out the fact that the harrow is usuable only if 
the crust is not too thick and the soil not too binding. Also, if an encrusta- 
tion in spring may be foreseen, the seed must be more thickly sown since 
harrowing destroys plants and the sand is thinned. For that reason har- 
rowing is very useful occasionally in thinning the plants. The increased 
standing room for the plants left in place gives a greater supply of light to 
the basal nodes and starts the lateral shoots into a rapid growth and pre- 
vents their too rapid lignification when these buds obtain moisture from the 
earth heaped up by the harrowing. If the earth is not pulverized sufficiently 
by the harrow, the roller, and preferably a Wheel roller, must be used in ad- 
dition. In the majority of cases the roller will have to follow the harrow, 
because binding soils are not made absolutely fine by the harrow, and also 
because it is desirable that the earth torn away from the base of the plants 
may be pressed back again. The best time for harrowing depends on the 
development of the plant and the water content of the soil. If the plants 
have grown too far or continuous dry weather prevails, the harrowing 
should be omitted or, in the latter case, should never be carried out without 
a subsquent rolling. 

A few words also might be pertinent here as to the significance of stones 
in the soil. In this connection, Wollny’s’ experiments have shown th^ 
with a high, constant air temperature (dtfring the warmer seasons) soil 
covered with stones and mixed with them is slightly warmer than is that 
free from stones. With a falling temperature comts the reverse. During 
the daily minimum soil temperature, soil containing stones is for the most 




237 


part colder &ian that free from stones, while during its maximum it is 
warmer. In regard to conditions of moisture, field soil covered with stones 
is found to be. wetter during the warmer seasons than uncovered soil of 
otherwise similar composition. Soil covered with stones lets more water 
slip through than does one not so covered. 


The Use of Lime, Marl and Plaster. 


The importance, of lime arises from its chemical action as a direct 
nutritive substance as well as from its properties, which change the mechan- 
ical constitution of the soil. Aside from favoring friability, it should be 
emphasized that the lime attacks the silicate in clay soils and sets free sol- 
uble potassium compounds. By its more rapid destruction of the organic 
substances, it causes a better decomposition of humus. 

In regard to the technique in using lime, it is advisable to keep burnt 
(qfGck) lime in baskets under water until no more air bubbles arise (possibly 
3 to minutes) and then to heap up the pieces in layers. They decompose 
(slake) of themselves and the lime stone, which lost its carbon dioxid in the 
previous burning, now becomes the white powdery calcium hydroxid 
(Ca(OH)j) and as such represents slaked lime, which is soluble in 730 
parts of cold water, and only in 1300 parts of boiling water (lime water). 
100 parts of <juick lime correspond to 132 parts of slaked lime. The lime 
should be uniformly spread over the field in quiet weather by hand, or with 
a suitable shovel. It is well to spread it in the fall on the stubble and then 
to work it under the surface. If it is necessary to wait until spring, it must 
be spread as early as possible before seeding, as soon as the soil has dried. 
Smaller doses ( 75 ° 1 ° I 5 <» ^S- P" hectare) repeated about every five 

years, are more advisable than a single heavy liming, because, m the latter, the 
decomposition of the humus is so violent that the subsequent increase in the 
harvest is at the cost of a later production. L is said in practice that fer- 
tility is difficult to maintain on a lime-stone soil, because organic matter dis- 


appears rapidly. it.,, -i 

Naturally the amount of lime depends upon the soil. Tough clay soil 

will bear most, while great care must be used with poor sandy soil. Soils 
which are lacking in organic matter or have water standing on them may 
not be limed at all. The results which become evident most quickly ye 
given by a humus soil poor in lime;~Sorrel (Rumex acetoseUa) indicates 
a scarcity of lime. Lime will act here splendidly as a fertilizer. 

If local lime deposits be used, such as possibly meadow-I.me or myl, or 
the so-called waste lime (gas lime, lime ooze, lime ash), it ad- 

visable, before using it, to let the air pass through in order to decom 
pose it, or still better, to let it freeze. When using waste lime one should 

If c f tall hv 1 simple experiment, that no injurious sec 
ctmvince oneself first of all, by a simpie it 

ondary action can take place. According to Hoffmans experiments , 


- Mltteilungen der Deutsch. Landwirstch.-.its-Ges. 1905, p. 367. 
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should also be taken into consideration that the more lime used,tfie less should 
fertilizing with potassium be neglected. In using stable manure, it is well 
to put the lime in the soil sometime before the manure is added. 'Bone meal 
should be avoided on soils containing lime. In the same way, it is not ad- 
visable to use ammonia and ammonia superphosphates together with lime. 
Pulverized quick lime should be used on binding, clayey soils ; lump or slaked 
lime on better loam soils. 

In regard to the need of lime by the different plants, Hoffmann states 
that the Leguminoseae in general are distinguished as the most responsive 
to applications of lime, but that the Lupines and Serradella may be con- 
sidered as hostile to lime and sweet peas also do not like the direct use of , 
lime or marl. 

In the use of marl also, the lime is the most active principle and hence 
it follows that a clayey soil, rich in humus, bears marling better than a poor 
sandy soil which in turn can be more benefited by a clay marl than by a 
lime or sand marl. The sometimes dreaded "impoverishment” from the use 
of marl will take place only if fertilizing with stable manure is delayed. The 
last is indispensable for all soils and especially for heavy ones in keeping the 
fields productive. No mineral fertilizer can replace stable manure. 

The influence exerted by the lime contained in marl upon decomposition 
of the humus substances is illustrated very clearly by Petersen's* experi- 
ments. He determined the amount of carbon dioxid produced in different 
soils by the process of decomposition with and without the addition of cal- 
cium carbonate. In using a heavy clay soil, known to be perfectly sterile, 
with 1.98 per cent, humus and 36 per cent, of its water holding capacity in 
water content, he obtained in 16 days 0.07 per cent, of the weight of the dry 
soil in carbon dioxid. On the other hand, the same soil under the same con- 
ditions with the addition of per cent, of calcium carbonate, mixed in the 
clay as marl, yielded 0.20 per cent, carbon dioxid, or per liter of dry soil, 
without addition of lime, 0.9153 g. ; per liter of dry soil, with addition of yi 
per cent, lime, 2.6167 S- 

A leaf mould with strongly acid reaction consisting of 58 pfer cent, 
humus and 30 per cent, of the absorptive capacity in temporat)' water con- 
tent, yielded after 16 days, without and with the addition of i per cent, cal- 
cium carbonate (when the earth still,gave an acid reaction) : pei^ter of dry 
soil, without the lime addition, 0.8911 g. COj ; per liter of dry soil, i«trth the 
addition of l per cent, calcium carbonate, 3.386 g. CO^. 

With the addition of 3 per cent, calcium carbonate, the soil yielded 
5.3476 g. carbon dioxid, while the series of check experiments, free from 
lime, produced only 0.9664 g. CO^. The addition of the lime, therefore, had 
caused 3 to 4 times as great a production of carbon dioxid, i. e., humus de- 
composition, as in the soil in an unmarled condition. 

Heiden, in Pommritz, summarizes thus the effect from the use of marl : 
The chemical action arises primarily from its content^of calcium carbonate 

1 Jahresberlcht t Agrlk. t870-72. Landwirtsch. Versuchsstationen, Vol, 13, p. 156, ^ 
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and consists in the hastened decomposition of the organic elements of the 
soil, in the combining of the free acids so injurious to plant growth, in the 
conversion •of ferrous oxid into ferric oxid, and in bringing about the ab- 
sorption of the basic nutritive substances by the soil. The bases are held in 
the soil as hydrated silicates and as the salts of humic acid. In the absorp- 
tion of the bases by the humus body, these must be present combined with 
carbon dioxid. The lime promotes the formation of carbonates. Further, 
the .mineral elements of the soil are decomposed, whereby the basic nutritive 
substances are freed and made accessible to the plant. Every marl does not 
suit every soil, — clay soils, where possible, must have a lime or sand marl. 

Aside from these indirect advantages, the direct effect of the use of 
marl is shown in the addition of potassium, soluble silicic acid, magnesia 
and phosphoric acid, which, together with lime, are present in every marl. 

A few words should be added here as to the use of plaster or gypsum. 
Franklin’s words, — “This has been plastered,” are well-known. He wrote 
this in plaster on a clover field in order to recommend to his countrymen 
the process which had been known with great advantage by the Romans 
(Knop, Kreislauf des Stoffes) and the Greeks, According to Knop’s experi- 
ments and those of Dchcrain and Liebig, a solution of plaster in soils con- 
taining absorbed potassium, frees it in the form of sulfate, while the lime it- 
self is precipitated. The method of spreading the plaster on clover plants 
freshly covered with dew or rain, recommended by experience, is found to be 
advantageous, since a solution of plaster is formed on the moist plants ; 
dripping from them, it acts at once in the immediate vicinity of the roots. 
It thus ripidly becomes of advantage to the bacterial flora, for Pichard's^ 
researches and those of others show that plaster and other sulfates (potas- 
sium and sodium) exercise a most favorable influence on the process of 
nitrification. Plaster should be used in an unburned state and indeed for 
clover and lupines from 2 to 5 centner per acre in the spring. 

Although the influence of calcium hydrate or carbonate, favoring de- 
composition, was discussed above, it must still be emphasized, that, as shown 
by Wollny’s“ work, this is only of value when the substance 15 already de- 
composed and contains humic acid, while the addition of calcium on unde- 
composed organic substances rather hinders decomposition. This is especially 
true fofl?fcali;ium sulfate (gypsum) i^hich comes under consideration as a, 
conS&vation material for animal manure. In a mixture of quartz sand 
{300 g.), powdered peat (5 g.), and 60 ccm. water, Wollny* found 

Volumes CO, in 1000 Volumes Soil air — 

without the addition of gypsum with the addition of gypsum 

0.0s g. o.i g. 

COj 3.194 3-029 2.713 


1 Annales agronomiques X, p. 302. 

* Wollny, E., Die Zersetzuog der organlschen Stoffe etc. 
Winter, 1897, pp. 133 tt. 

*' Journal f. Landwirtschaft, 1886, p. 263. 


Heidelberf, Carl 
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The addition of the plaster had accordingly reduced the loss in orgAic 
substances and also in nitrogen ; i. e., had exercised an arresting influence on 
decomposition. The use of calcium compounds as a remedy against dis- 
eases, in which an excess of nitrogen comes under consideration, will be 
discussed under the_ individual cases of disease. 

3. THE DISADVANTAGES OF MOOR SOILS. 

The Acros in the Soil. 

Ramann'^ explains as moors, — the formation of more moist regions in 
temperate zones, in which soils poor in nutritive substances, with an acid 
reaction, are covered with dwarfed bushes, grasses, mosses and peat-moss 
(sphagnum), and also lichens. 

The humic acids* act freely here, and cause the acid reaction of the 
soil. Acids are formed by the decomposition of the organic substances in 
the soil to which fungi as well as bacteria surely contribute a share (Cepha- 
■losporium, Trichoderma, etc., according to Koning^). Formic acid, acetic 
acid, butyric acid, etc., are produced which decompose rapidly in well 
aerated soils. Besides these, however, the humic substances also form the 
stilt little known crenic acid with its salts (crenates) which, widely dis- 
tributed in soils and water, form a yellow, strongly acid solution, 
drying to an amorphous mass. While its salts with alkalis and alkaline 
earths are soluble, its ferric oxid remains insoluble. With the entrance of 
air aprocrenic acid is produced from it, the salts of which arc either in- 
soluble or dissolve with difficulty. A great influence on the weathering and 
the transportation of the accessible mineral salts' may be ascribed to these 
acids and their' compounds*. Raw humus, peat and other soil substances 
with a strong acid reaction lose only a part of their acids even after lying 
sometime exposed to the air. Since even well aerated forest soil often 
shows an acid reaction, it may be concluded that scant oxidation either does 
not cause the production of the soil acids, or only at times produces them. 
We must consider here also the work of definite bacteria in this acid for- 
mation. Free acids are often absent in good soils, but poorer moor soils are 
frequently rich in them and become even poorer because extensive leaching 
and weathering processes constantly take place, due to the free acids. 

1 Bamann, Bodenkunde, 2nd. Edition. Jul. Spring’er. 1906. 

2 Koning:, Arch, n^riand. sc. ex. et nat. 1903 II, 9, p. 34. 

s Ramann, loc. cit. p. 144. 


• In .the light of recent investigations on the jiature of the organic matter 
of the soil it seems that we nvust revise some of the older terminology. The term 
*'humic acids” is rather to be regarded as a loose generic term applicable to a group 
of organic compounds found in the soil. — Vide; — 

Mulder, The Chemistry of Veget^,ble and Animal Physiology, trans. by B^rom- 
berg, 1849. 

Schreiner, O. and Shorey, E. C.. Bulletins 53, li, and 88, Bureau of Soils, U. S. 
Department of Agriculture. 

Jodldi, S. L. Jour. Amer. Chem. Soa 34: 94. 1912T Jour. Franklin Inst. 175: 245. 
1913. ^ . 

(Translator’s note) 



• In regard to the sensitiveness of our cultivated plants to free acids, 
Ramann cites Maxwell’s^ experiments with i-io and 1-50 per cent, solutions 
<5f citric acid. He found that all the Cruciferae were quickly destroyed, the 
Papilionaceae more slowly. Grain suffered greatly, only the pearl millet 
and maiz» could withstand^. Tolf made discoveries 1 in regard to humic 
acids, according to which seedlings suffer in acid moor soils. In the acid 
moor, the diffusion of the salt solutions is sharply arrested. According 
to Reinitzer and Nikltinsk, pure humic acids are unsuitable for the 
nutrition of bacteria and fungi. On the other hand, most of the higher 
plants can endure a moderate amount of these acids. We discover from our 
cultures of Ericas, Azaleas, Rhododendrons and other Ericaceae in moor soil 
that a number of plants indeed seem directly adapted to acid soils. 

The dark colored humus parts consist preponderately of Humin and 
humic acid ’( Ulmin, according to Mulder) . The humus substance must be 
considered a^ a mixture of closely related bodies with and without nitrogen, 
which can be separated into two groups according to their behavior with al- 
kalis. The brown humin substances, insoluble in the most diverse solvents, 
swell up in alkaline liquids and pass gradually over into humic acids. The 
humic acids (their chemical composition is insufficiently known), containi^ 
possibly 59 to 63 per cent. Qq.q to 4.6 per cent. H. and 35 to 36 per cent. 0 , 
are easily dissolved in alkalis and are re-precipitated from their solutions 
by stronger mineral acids. If they are withdrawn from acid soils (moor 
soils) with alkalis or ammonia and precipitated with hydrochloric acid, a 
voluminous, jelly-like substance is obtain which, in drying, forms a brown 
or black amorphous mass. The humic acids are separated from their solution, 
bv freezing, in the form of a dark colored powder, which gradually passes 
over again into solution. Ramann emphasizes the fact that humic amds are 
somewhat soluble in pure wafer, but not in water containing salts. The salts 
of the alkalis and of ammonia with humic acids are soluble in water bu 
not those of the alkaline earths (calcium and magnesium). Yet ‘he la«e 
also seems to become soluble with an excess of acids. Calcium humate will 
lecoSose quickly into calcium carbonate which will combine into new 

masses of humic acids. . 

On an average, the nitrogen content of humus substances is greater 

dry regions than in moist ones. By the advancing 

Z, wLh in organic combinations is accessible to plants with difficulty, is 
carried over into compounds easily absorbed. 

Raw Humus. 

Humus is beneficial and indispensible only where, in pure deposits or 

mfcerals, but in Its physical properties. 

T-TjSiJS. Aier. Chem. Soc 1898, 28. P- 1»3- 
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If humus is mixed with dense soils, they are loosened and made warmer 
and more easily worked. In sandy soils the humus acts as a binder and in- 
creases the wateh capacity, whereby the fluctuations in temperature become 
less marked. These favorable peculiarities, which arise from the mixing 
with mineral elements in the soil, disappear as soon as the hupius is de- 
posited on the soil in impervious layers, i. e., is not broken up by abundant 
decomposition and the micro-organisms. In compact humus layers, the con- 
tent in free acids is almost always greater. The forest soils, which are most 
rapidly decomposed and worked up, are the best. In warm climates the 
work progresses very quickly of itself. 

With a favorable humus decomposition, we find that in forest soils the 
porous forest debris, which forms the layers of litter, is not so thick and 
merges gradually into a friable, strongly decomposed, structureless humus 
layer. If in any region the factors contributing to decomposition are ab- 
sent, these layers of litter are retained, settle only gradually jnd become a 
firm, fibrous humus mass, which is deposited on the subsoil and remains 
more or less sharply separated from it. Such cases may be observed in poor 
sandy soils, especially those containing meadow ore. 

This process, in which therefore the organic substance acquires no 
earthy composition, will occur everywhere where conditions unfavorable to 
decomposition exist,— as, for example, when the air is excluded by water, or 
conversely, with too great drought in the hot seasons or in places exposed to 
constant strong winds. 

Our forest tracts, where heather (Calluna vulgaris), cranberries and 
huckleberries (Vaccinium) the pteris and aspidium brakes and the cushion- 
forming mosses grow, are most inclined to the formation of such fibrous and 
but slightly earthy humus layers, the undecomposed elements of which are 
deposited in dense mass£. ^_ on the soil and in this way form the so-called 
"raw-humus.” The upper layer of such raw-humus deposits still shows the 
interwoven structure of the plant debris, the lower layer, in which the plant 
parts are but slightly distinguishable from one another, has a fibrous dark 
humus substance interwoven with roots. In moist beech, pine and spruce 
tracts, such raw humus may become peat-like. 

Ramann (loc. cit. p. 162) states as his opinion of the change in the soil 
beneath a covering of raw humus, — that, besides the exclusion of air, the 
humic acids especially form the injurious factors. These act on the Un- 
weathered silicate, decomposing it energetically, bringing into solution al- 
kalis and alkaline earths and, since at the same time the amount of acid 
solutions absorbed in the soil is slight, leaches the soil, i.e., the soluble sub- 
stances are carried down to greater depths. If raw humus lies on sandy 
soils, the grains of the uppermost layer appear to be strongly bleached and 
milk-white, the intermixed silicate rock is greatly weathered and usually 
transformed into white kaolin. The humus admixture still richly present on 
the upper surface decreases more and more from the top downwards sq that 
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the soil becomes light gray in color and, because of this color, is called gray 
or lead sand. 

Below this light colored layer is found, sharply separated from it, a 
yellow to brownish looking soil, the deeper layers of which gradually be- 
come lighter. Here, the sand grains show mixtures of ferric-oxid or ferric 
hydrate. Then comes the white raw sand, still but little affected by weather- 
ing. The uppermost humus soil layer is found to be most weathered and the 
layer most impoverished by leaching. If the leaching of such an upper soil 
layer, under the influence of the raw humus deposited on it, be carried to a 
given stage, the action of the salts in the soil on the soluble humic acid must 
cease, the salts then remain in solution and can penetrate to the lower layers 
of the soil. If they come in contact here with soluble salts, they are precipi- 
tated and coat the separate soil grains with a structureless layer of organic 
substances. Under the microscope, I found the sand grains covered with 
' brown, chart-like etchings. If this process keeps up, the precipitated or- 
ganic substances finally cement the separate sand grains into compacted 
layers below the lead sand,-— meadow-ore has been produced. 


Meadow-Ore. 

According to Ramann’s explanation of the production of meadow-ore, 
given in the previous section, this is a humus sand stone. It occurs in var- 
ious forms and first of all as "Branderde” or “Orterde,” which has a white 
easily pulverized form and shows a large content of organic substances. 
This Is formed in rich soils which are but little changed unfavorably. The 
teal swamp ore is a firm, stone-like; hard mass, deposited on easily pulver- 
ized or loose soil layers, with a medium content of organic substances 
and a brown *o black color. -This is the form'most widely distributed in 
North Germany (Liineburger moor). Resides this there is a lighter brown 
swamp-ore which is very firm and fough and holds but small amounts o 
organic substances. This is the hardest form, offering the grea est resistance 
to a working of the soil and frequently occurnng in great thickness. 

In judging the processes of leaching, an analysis taken by Graebner 
from Ramann’s* work may be useful. The swamp ore soil in *e Mam 
Forestry District Hohenbruck in Pomerania contained in its ditterent 

layers : — , . j 

(a) Lead sand, which was 15 to 20 cm. thick and contained 1.05 per 

cent, of organic substances*. i„Mle in 

Hydrochloric acid. Hydrochloric acid. 

Potassium cent, of the soil 0.618 


(Sodium o.oin 

Calcium 

' Magnesia 0.0026 

(Manganous oxld 0.0032 

Ferric oxid 

Aluminum oxid 

Phosphoric acid 2525 — 

Total content except silicic acid.0.1645 

X PaufG raebner, Handbuch der Heidekultur. Leipzig, With. Bngelmann. 1904, 

**■ ^V'Die Waldstreu, Berlin, 1890, p. 30 analysts without 

» Ramanh In his "Bodenkunoe ise , n- 
.the elements enclosed in parantn 


0.167) 

0.060 

0.020 

0.060) 

0.450 

0.650 

0.043 


2.068 
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(b) Swamp ore, S to 8 cm. thick with 7.28 per cent, of organic sub- 


stances : 

’Soluble in Residue insoluble in 
Hydrochloric acid. Hydrochloric acid. 

Potassium 0.0178 per cent, of the soil 0.754 ■ 

(Sodium ,0.0033 “ “ " “ “ 0-360) 

Calcium 0.0194 “ “ “ “ “ 0.170 

Magnesia 0.0137 “ “ “ “ “ 0.028 

(Manganous oxid 0.0044 “ “ “ “ 0.047) 

Ferric oxid • 0.1936 “ “ “ “ “ 0.6^ 

Aluminum oxid .1.5266 " “ “ “ “ 2.320 

Phosphoric acid 0.2956 “ “ “ “ “ 0.042 

Total mineral substances except 

silicic acid 2.0744 4.411 


(c) The yellowish brown sand underlying the swamp ore: 


Soluble in Residue in 

Hydrochloric acid. Hydrochloric acid. 

Potassium 0.0085 P*’’ of tbe soil 1.103 

(Sodium 0.0213 “ " “ “ “ 0.528) 

Calcium 0.0254 “ “ • “ “ “ 0.225 

Magnesia 0.0401 “ “ “ “ “ 0.064 

(Manganous oxid 0.0068 “ ' “ “ “ “ 0.026) 

Ferric oxid 0.3448 “ “ “ “ 0.760 

Aluminum oxid 0.4000 “ “ “ “ “ 3.210 

Phosphoric acid 0.0281 “ “ “ “ “ 0.043 

Total mineral substances except 

silicic acid 0.8750* 5.959 


We perceive from the above figures that, by leaching, the lead sand has 
not only lost in soluble substances, but that the greatest part of all the 
rock debris containing nutritive substances has been decomposed, by 
weathering and being washed deeper down. It is therefore a fact that cer- 
tain soil layers in forests and in open moors (usually formed from such soil 
layers) become impoverished. This is very significant agriculturally if the 
impoverishment exceeds the supply of nutriment furnished by weathering 
and the annual rain fall. 

Meadow ore must be distinguished from the real sivamp ore; the for- 
mer is insoluble in an acid solution, such as hydrochloric acid, while the 
swamp ore is abundantly dissolved. 

Especially in humus moor soils, where the deposition of raw humus 
leads to the formation of swamp ore, do two chief injurious factors come 
under consideration : — the lack of oxygen due to the density of the soil and 
the content in humic acidS. The processes taking place, with an exclusion of 
oxygen, have been considered in another place (for example, p. 99). 
We have here to take only the humic acids under consideration. Graebner 
pays the desired attention to this point*. Continuing Wolf’s* investigations on ^ 

1 1,0c. cit. p. 228. 

3 TagebL Naturf, Vers,, Leipzig, 1872. 
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the wilting of the leaves and their ultimate death, resulting from the de- 
tention of the plant roots in water excessively charged with carbon dioxid, 
Graebner cites Maxwell’s experiments' with citric acid and those of Tolf 
and Blank with humic acids, all of which lead to similar results. This is the 
place to record Ramann’s statement as to the cause of retarded diffusion in 
acid soils. Either the colloidal composition of the moor-substances can re- 
duce the capacity for diffusion and^he colloidal substances are precipitated 
by neutralization with lime, or some direct action of the humic acids is 
present. If one thinks of the discoveries showing the influence exerted by 
slight acid increases on the protoplasm', whereby its currents are arrested, 
one must consider the direct action of the acid to be of the chief importance. 
Special proof already exists of the retarding of transpiration by acids (tar- 
taric, oxalic, nitric and carbonic acids, etc.) and its hastening by alkalis 
(potassium, sodium, ammonia)'. It can therefore be said, with Schimper, 
that plants in a strongly acid soil will suffer from physiological drought even 
in the presence of abundant water. To this must be added that the great 
power of humus to retain water makes the mechanical withdrawal of the 
water from the soil particles much more difficult for the roots than if in 
sandy soil. Plants are found to wilt in peaty soil or loam with a percentage 
of water sufficient to keep them' perfectly fresh in sandy soils, as Sachs’* 
experiment has already shown. 

All these injuries due to the soil find expression most of all in the culti- 
r, vation of pineS, which subject Graebner® has treated with especial thorough- 
ness. He found in young pine plantations, which had grown tolerably well 
for some years, that the shoots formed in May at first developed normally, 
but, with the appearance of the summer drought, became grayish green in 
color. If the dry period continued, the shoots begin to curl, the needles of 
the previous year became blunt and brown hnd in many cases the little trees 
dried up in a few weeks. By digging in the soil, it was found that swamp 
ore had been formed bclotv the roots or even around the still rather slender 


ones. 


To supplement his description, Graebner pictures in the figures here 
reproduced root development on swamp ore soils. We see in figure 29, that 
the strongest and longest roots are spread out not far below the surface of 
the soil and parallel to it, so that its nutrition must take place through the 
' raw humus and the lead sand, which is poor in nutritive substances. Since 
root development is greater in solutions poor in nutritive substances than in 
concentrated solutions, this results in a wide reaching out of the root 
branches, which, m the present case, according to Graebner, seem several 
meters long and but little branched. The aerial axis, however, is scarcely a 
k 


I Journ. Ann. Ctiem. Soc, XX (1898) P 103 

a Ptelter, Pflanzenphysiologie }1 

> Pleflor, Pflanzenpiyslologte r Vol. p. ZJi. 

J WpziB. i904, W. Engelmann, p. 231. 
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meter high. Poverty in nutritive substances in combination with the lack of 
moisture, easily becoming great in lead sand, are the causes of an ultunate 
blighting at the tops. 

Figure 30 shows the root growth of an oak. The oak was planted after 
the layer of swamp ore had been broken through artificially. But this layer 
of swamp ore had later re-united and the portion of the root in g, nearly 
shut away from an air supply, had practically stopped growing. No mycor- 
rhiza, or scarcely any, could be found on this part of the root. 

Graebner attaches the fol- 
lowing significance to such 
phenomena. If the swamp 
ore is deposited below the 
roots, the earth lying above it 
is naturally exposed to great 
fluctuations in moisture, and 
in times of drought becomes 
so dry that the plants die from 
a lack of moisture. In cases 
of this kind, however, the 
plants forming their roots en- 
tirely in the lead sand, exhibit 
a very weak growth, grad- 
ually making itself evident by 
short, yellow needles. If the 
swamp ore, however, lies di- 
rectly around the roots, which 
are about as large as knitting 
needles, and have penetrated 
in to the better soil, it presses 
against them, causing knotty 
swellings. This takes place if 
the roots reach the better sub- 

Fler 29. “A meadow ore pine” from the Liine- v • • i.i_ 

burger moor, grown after the formation of the through an Opening in the 
meadow ore. swamp ore layer. Such me- 

»• raw humus- i lead sand, mendow ore- Below the meadow 1*1 a. • a* j* a. 1^ 

ore the yellow sand begins. (After GraebnerJ ChaniCal COnStnCtlOns dlStUrO 

further root growth. The tree 
is therefore essentially dependent on the roots lying above the swamp ore 
layer. Growth and vital activity are normal during the spring dampness, but 
all activity stops if a hot summer dries out the soil. Graebner found the root 
tips shrivelling, turning to resin o‘r dying entirely. In larger trees, with a 
renewal of moisture, time and material are necessary^ for new root growth. 
This loss in time and substance becomes evident in the growth of the aerial 
axis and, in combination with the results of the period of drought, causes in 


great part the weak growth of the moor pines. Th^plantations improve as 
soon as the fluctuations of moisture are less extreme. 


M7 . 


Usually pines on high moor soil develop a, very crooked form*. Yet 
the seeds of these crippled pines, after the moor has been drained dry, grow 
iitto erect trunks. Schroter and Kirchner^ also state that, on too wet places 
in the high moor, Pinus moniam makes a reduced cripple growth 
f“Kusseln”), but recovers after the water has been drained from the soil. 
Our pines form such (“Kusseln”) also on wet meadows. In the cases I 
have observed, this form of growth was produced by the resinification of the 
terminal bud of the main shoot, because of insect and fungus injury; there 
then develops below this bud a number of shoots which remain short (and 


in part some rosette 
shoots). 

Figure 31 shows a 
pine 48 years old which 
came from the Liinebur- 
ger moor and which Dr. 
Graebner most kindly 
placed at my disposal. 
The height of the whole 
tree,— including the tops 
and measured from the 
root neck up, amounted 
to 74 cm. ; the length of 
the trunk up to the first 
branch, 39 cm. ; the girth 
of the trunk below the 
lowermost branch, 8:3 
cm.; the average length 
of the needles, 2 cm. The 
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In figure 32 f on the maij trunk is reproduced in natural size, in order to 
show that, like "open canker,” the wound^ surface consists of many very 
small, over-growth edges of different years which recede like terraces. 

In accordance with the paltry branch growth in figure 31, the rodt is 
also small ; it cannot follow its natural tendency to send its tap root downward 
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Fig. 31. A moor pin6 with flatly extended roots from the LUneburger moor. (Orig.) 
a aead tips ^ branches, i parts of the branch which have ^rown out at sharp ansrles, k' parts of the branch 
curved like bows. / frost wound where the branch leaves the trunk, /* frost wound in the form of on open 
canker with a distinctly limited wood body, A roots which had grown against the layer of meadow ore. 


perpendicularly (compare figures 5 and 6, p. 95), but must extend 
its root branches in the upper soil layers and moss cushions. Paft of the lowest 
roo,t branches are partially bent upwards at a sharp angle, probably because 
they have met with a^layer of swamp ore or some similar impenetrable body. 
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In his study of the high moor of Augstumal in the Memel delta, 
■yVeber' gives very interesting illustrations of the crippled forms of pines, 
corresponding to the Pinus sihesiris f. iurfosa, Willk, Here he describes 
also the crippled birches, whose roots, like 
thok of the Scotch fir, always show splen- 
didly developed mycorrhiza. The trunk, 
usually only a few centimetres thick, is most- 
ly bent and knarled, and covered below with 
a seamed bark, a very striking feature in such 
small trees. To this it should be added that 
these small birches usually only about 1.5 
m. high form a well set top. On an average, 
the main root penetrates only 15 to 20 cm. in- 
to the soil, then bends to one side, to run 
parallel with the surface. The roots, spreading 
sidewards, attain to 3 to 4 times the length of 
the trunk. The vegetation on the high moor 
is best characterized by a specimen of Betula 
pubescens described by Weber*. The upper 
trunk, which had white rot at the top, was 
1.8 m. high; the wood from which the bark 
had been removed was possibly 34 mm. in 
diameter above the root neck and had 51 
annual rings, the last eleven of which alto- 
gether were only 0.9 to 2.6 mm. wide. The 
little tree was just beginning to become 
blasted at the top and was overgrown for 30 
cfn. above the root neck with Sphagnum 
medium and 5 . acutifolium. 

In cultivation, it is not only necessary to 
break through the swamp ore layer, but also 
to bring it up to the surface of the soil. In 
the air, it decomposes to a brown sand, 
which gradually becomes lighter m color be- 
cause the organic elements have weathered. 

Freezing the swamp ore hastens this process 
'greatlyi The decomposition usually takes 
place more quickly when the content m or- 
ganic substances is higher. Brown colored 
sWamp ore (rich in humus) is usually de- 

• .. ,.„a Ftitatehune dea Hochmoors von Aug- 

4 c. A. Weber f Parey. 1902. PP- « «• 

im Hemeldelta. etc. yeniiu 

dt. pi 47. 



Fig. 32. Canker-like, wounded 
place on the moor pine. 
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Poisoning of the Soil by Metallic Sulfur. 

In considering factors injurious to plant growth ferric sulfid as pyrites > 
(and rhomboidally crystallized as markasit) must be noticed primarily since’ 
it is one of the most widespread precipitates produced in the formation of 
moors. Ferric sulfid is found less in moors themselves than in the under- 
lying sand and on the line between the organic deposits and the subsoil. If , 
pyrites weathers, there is produced by oxidation and absorption of water sul- 
furic ferrous oxid, — ferrous sulfate, copperas, and free sulfuric acid (FeSa-j- 
70 -|-HjO=FeSo 4 -f HjSOJ . 

The ferrous sulfate oxidizes with the formation of basic salts to ferric 
oxid. In the presence of sufficient amounts of calcium carbonate, calcium 
sulfate (gypsum) is produced. If ferrous carbonate occurs, it passes over 
into ferric oxid or ferric hydrate with the loss of carbon dioxid and the 
taking up of oxygen. As is well known, the ferric hydrates cause the yellow 
to brown color of the soils and are able to absorb gases (carbon dioxid, nit- 
rogen, etc.) to a very marked degree. Among them is- the brown clay iron 
ore (limonite Fej[OH]5) which cements together the surrounding sandh In 
moor regions, however, the layers containing pyrites are often not oxidiz^ 
at all ; because of the presence of water and the strongly reducing action of ' 
the moor substance they cannot obtain any oxygen. 

The most disasterous effect of the iron sulfid is its inhibition of the com- 
bining of the bases present in the soil and the free sulfuric acid formed by 
weathering. As a rule, calcium carbonate is present in the soil, so that gyp- 
sum can be formed, often alum or magnesium sulfate are also produced. An 
excess of the last can act injuriously. When experimenting with an exces- 
sive supply of alum, I found spotted necrosis appearing in barley. However, 
if the bases are absent, the free sulfuric acid will act directly as a plant 
poison. 

If, in improving the soil, the layer containing the pyrites is brought to 
the surface, the soil will at first remain infertile. ' 

Minssen^ shows that at times the upper layers of the moor also contain 
iron sulfid. In a sample from Silesia he found y.2&6 per cent, of the dry 
substance of the surface soil to be sulfuric acid, soluble in water, 3.940 per 
cent, ferrous sulfate and 3.346 per cent, free sulfuric acid and approximately 
twice as much in the deeper layers, aside from great masses of still un- 
weathered iron bisulfid. The top of the sulfate here analyzed was later re- 
moved 62 cm. deep, so that the lower layers richly impregnated with iron sul- 
fid were laid bare. The oxidation of the pyrites gave such large amounts of 
compounds injurious to vegetation that any agricultural use of the moor 
within a conceivable time seemed impossible. Such a case shows the neces- 
sity for the use of foresight in opening up lowland moors. 


1 Ramann, Bodenkunde^ 1906, p. 87. , 

s Mittdilung«n d. Ver. z. Fdrderun^ der Modrkultur im Deutsch. Reich, 1904. 
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. ’ 'The question as to the iojurioosness of the black colored water flotuing 
on to the meadows from the alder bogs of forests has been treated in detail 
jby Klien*. In one especial case which gave rise to complaints against the 
forestry commission, the water coming from the forest was viscid, brown and 
at ‘femes smelled bad. In 100,000 parts, it contained 31.28 parts organic sub- 
stances (humic acids, etc.) and 17.59 parts mineral substances, among others 
7.81 parts calcareous earth, 3.07 parts ferric oxid, etc. The humic acids 
formed the injurious factor here. In similar cases it depends on the kind of 
soil overflowed by such bog water. It will be especially injurious if it flows 
over ferruginous soils or those. with a clay subsoil, while a soil rich in lime 
can more easily withstand overflowing from the alder swamp, such as oc- 
curs in spring floods, because of the hastened decomposition of the humus, 
peculiar to such a soil. Nevertheless such water should be avoided for irri- 
gation and back water. 

The formation of ferruginous sand depends on the precipitation of fer- 
ric hydrate and iron silicates. Mixtures of ferric hydrates with varyiiig 
amounts of ferric silicates and phosphates also give the so-called meodoa- 
ore. This combination occurs in moors, standing bodies of water and other 
'Paces, where water containing iron comes in contact with the air, together 
with the co-operation of bacteria (iron bacteria according to Winogradski)*. 
One is inclined of late to lay stress on the co-operation of the micro-organ- 
isms’. 

SySCEPTIBlLITY TO FrOST OP MoOR VEOrTATICN. 


In moor soils which have been brought under cultivation, their especial 
sensitiveness to frost as compared with other kinds of soil has been proved 
by repeated experiment.s. In this, important differences are found if the 
moor soil has a sandy covering or if it is mixed with sand, Wollny' found 
iirhis experiments that the latter is more fertile than the former, .n which 
the ground water was higher. Instead of the sand, a covering with day has 
also been proved to'be beneficial. In meadow cultivation when too much 
water has been removed, Fleischer’ recommends covering with sand, nch in 
feldspar, or loam, or clay to avoid too great drying out, Jungner- g.«s fur- 
ther examples from the province of Posen. In them moor fields which had 
not been covered with soil containing clay, showed also a second total f reez- 
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ing back of potatoes and pasturage, while those which had been covered 
had suffered no especial injury. 

This discovery indicates that we have to look for the chief period of 
injury in spring, so far as frost phenomena in moor soils are concerned. In 
cultivating trees this becomes clear, if we consider that the humus joils in 
cold seasons usually contain an excess of moisture. The fine pored humus, 
saturated with water, will cool more slowly in the fall' than do soils less rich 
in water, but will warm up much more slowly in the spring. However, the 
longer the roots are in a warm location, the longer they remain active and 
the more water will be forced up into the? aerial axes. Trees growing poorly 
on moor soil with its diluted nutrient solutions start the winter with a large 
water content in their tissues. The more water the tissues contain and the 
less cytoplasm, the more susceptible are they to frost, no matter whether the 
effects of winter or spring frosts are concerned. Hence the frequent and 
great injury from frost in moor pines, as is showm in the example from the 
Liineburger moor. 

For short-lived field plants the most disasterous are the spring frosts 
which are produced in rays of cold. This may be easily recognized from the 
fact that the phenomena of discoloration produced on the leaves and ste^ 
by the cold are abruptly cut off, if such a part of the plant is partially cover- 
ed by overlying leaves. 

It is now pertinent to ask when cold, due to radiation, will be greatest 
and how much of it is due to evaporation. If both factors become effective 
to a high degree, the air layers close above the surface of the soil will be 
noticeably colder than the average temperature. Polis’ has proved such a 
lowering of the temperature of the air layers above a covering of snow. This 
will be the greater, the less the movement of the air. Hence May frosts in 
still, clear nights. The moot soils and those bordering on moors with their 
wealth of water will evaporate strongly in the early spring when the soil and 
subsoil have not been warmed through, even if, as cultivated land, they have 
been mixed with sand and accordingly mpre cooled dovfn. Evaporation will 
also be still more increased by the dark color of- the soil, as Wollny’s* experi- 
ments show. Covering with a layer of sand frdtn 6 to lo cm. deep ac{s as a 
preventive. Then but little water can reach the sand from the humus layer 
and, correspondingly, only small amounts will be evaporated. For the same 
reason the dead layer also acts as a protection against drought. One dis- 
.advantage of the sand covering is found when fine, surface-rooting grasses, 
are sown which are easily stunted in sand, poor in nufrition’. • • 

If the cultivation of fruit trees on moor soils is involved, the following 
may be recommended for protection against frost: (i) The planting 
of trees on the west and southwest side of the orchard, in order to modify 
the temperature differences in spring. The bark cracks almost without ex- 

1 Meteorologigcfae ZeltBChll^SSS, Part L 

‘ Blitter fflr ZuckerrQbenbau, 1898, No. 9. 

> MltteU. d. Ver. z. Ftfrd. d. Moorkuitur, 1896, Nos. 6 and 6. 
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(Xption on the sides turned towards these points of the compass and the nor- 
tnaf phenomena of loosening bark scales (for example, on plane trees) also 
begin earlier and to a greater extent on fhose sides of the trees. (2) A 
strong liming and supply of Thomas slag with a sufficient provision of other 
nutHtive substances. (3) Above all, however, those varieties of fruit should 
be chosen, whith endure moor soil. Huntemann' recommends the common 
bouse plum, from practical experience. Of apples, the following have stood 
the test; Bosbook’s Beauty, Golden noble, Double pigeon. White winter 
apple, Orleans,, Parkers Pippin, Purple red Cousinot. The winter Yellow 
Pearmain, Gravenstein, Prince and -Alant apple should not be planted, since 
they are too susceptible to frost and also to canker. According 
to the experiences of Mr. Klitzing, a nurseryman, the following apple var- 
ieties are adapted to cultivation on moor soils,— red Eiser apple, BiKchardt s 
Reinette, and Cludlus’ Autumn apple. Of pears, he recommends Chameux 
Delicious, St. Germain and New Poiteau. If cherries are tried at all, 
sour varieties should be chosen rather than sweet ones. 


The Usefulness of the Sptoce. 

In considering forest plantations on moist soil, we only ^«terate our 
opinion that it is a mistake to plant pines so extensively as is now done. T 
eLmple cited on p. 248 from the Liineburger moor f ^ 
what disadvantages arise. If they are not so 
olaces and especially if frost injuries do not appear so sharp y, y 
d growth is always induced, which sooner or later becomes eviden . 
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6.6 cm. from the f;round, a circumference of 94 cm. At a height of 31 to 36 
cm. three branches left the main trunk, and took root in several places. At* 
a distance of 1.6 to 2.5 m. from the present trunk, six regular spruces have 
gradually developed with a height of 2.5 to 4.7 m. 



Fig. 83. A apruce family produced by natural layering. Three of the branches ai 
the base of the trunk have rooted again in several places and their buds > . 
have there developed into secondary trunks. (After Bchubeler.) t, 

The spruce stands by itself in its easy formation of adventitious 
giving rise to gnarls, and in the ability of parts of its aerial axis tlHwin 
roots quickly. To be sure Schiibeler (loc. cit. p. 163) has also cAserved 
rooting in low branches of Juniperus and also in Taxus baccata, which have 
been bent to the earth, and pertainly such conditions will occur also in other 
conifers which grow well from cuttings. But cases of this kind will always 
remain isolated. 
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The capacity for increase, explained here by means of the one example, 
has a greater significance in moor regions, where the spruce will have to be 
grown as the only possible means of forestration. 

Only very few varieties of conifers possess this facility for forming 
layers and developing new regular top growth from lateral sprouts. Gar- 
deners make abundant use of this peculiarity in propagating young individ- 
uals frohi cuttings. In other conifers, cuttings from the lateral branches 
retain the structure of laterals and do not form handsome trunks. The 
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had already lost most of its leaves on the lower branches. The upper parts 
of the^two lowest branches, probably at some time bent down intentionally, 
lay deep in the earth, but their tips had been turned upward. At the point 
where the branch was bent (at the right in the figure) a strong root was 
traceable which might have been produced when the still young branch tip 
was covered with silt by the first floods. The increased nutrition, produced 
by this root, showed itself in the development of a considerable number of 
younger shoots, resembling an independent bushy growth. I noticed noth- 
ing especial in the vigorous spruce plantations standing at some distance. 

Changes in Moor Soil Through Cultivation. 

One must determine finally how far the injurious factors of humus 
soil show in cultivation and what changes it undergoes with cultivation. 
“Sanding" has been discussed already. Fertilizing comes next under con- 
sideration, since the nutriment content especially in highland moors is so 
scanty that only plants needing little nutriment and highly resistant to humic 
acids thrive there (Sphagnum, Eriphorum, many Carex varieties, Calluna, 
etc.). All fertilizers must act, first of all, by increasing those micro- 
organisms which can decompose the soil, since in soils containing humic 
acid, the bacterial flora is very scanty. Fabricius and v. Feilitzen’ gained 
much information on the methods to be used in increasing the bacterial flora 
of moor soils. Stalstrom^ had already determined that draining the water 
from moor soil, very poor in bacteria, naturally will increase the number of 
organisms. This is especially significant for highland moors, since they have 
not nearly as many bacteria as the lowland moors ; — a fact related to the 
scanty nitrogen content of the highlands. Moor soil mixed, with clay or im- 
proved by fertilizing, has a higher bacterial content. The bacterial flora re- 
mains almost exclusively in the upper soil layer, 15 to 25 cm. thick. Fab- 
ricius and V. Feilitzen also tested the moisture content in the upper s6il layer 
and found that, in uncultivated highland moors, this fell 6nly from 90 to 87 
per cent, by draining, while, on the other hand, it could fall to about 64 per 
cent, with other cultural measures. These consisted in mixing the friable 
soil with sand, with the result that vegetation of a different character de- 
veloped. The soil temperature was lowest on the virgin moor. Simple 
draining exerted but little influence (-fo.3'C.), but cultivation gave a per- 
manent increase of almost 2°C. In regard to the chemical composition, it 
was found, as was to be expected, that the calcium content was very small 
in natural highland moors and the nitrogen cjnteht equally scanty, while in 
the lowland moors the latter was found to be satisfactory. The disappear- 
ance of the humic acids through cultivation is very* interesting. In the 


1 Pabricus, O., and Hjalmar von Feilitzen. Ueber den Gehalt an BaRterien in 
Jungfraulichem nnd kultivlcrtem Hochmoorboden auf dem Versuchsfelds des 
Schwedischen Moorkulturverelns bci Flahult. Centralbl. f. Bakterlologle n 
Section, VoL XIV, p. 191. 1906. 

2 Om lerslagnlnirens betydelse. Finska MosskulturfBreningens Irsbok. 1898. p. 44. 
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natural highland moor the content amounted to more than 2 per cent, and 
through sanding, liming, and fertilizing became reduced to possibly 0.3 per 
cent. 

These same investigators found the bacterial flora only sparsely de- 
veloped, as a result of the acid soil in the highland moor, and also but little 
increased by draining. On the other hand, a great increase was found after 
sanding, liming and fertilizing together with the necessary attendant work- • 
ing of the soil. Sand Introduced new bacteria, stable manure furnished rich 
nutriment of such a kind that the bacterial content become as great as in a 
lowland moor under the same cultural conditions. In both the bacterial con- 
tent increases and falls directly with the soil temperature. 

The experiences of practical workers disagree greatly as to the use of 
stable manure. In many places there has been failure. But, on the other 
hand, reports are found, which determine a very beneficial eflfect from stable 
manure even on moors with a large nitrogen content, as Count Schwenn 

reports'. . u- 1, . 

This contradiction can be explained as follows. Even m moors, which 

contain nitrogen in excess, fertilizing with stable manure can act very bene- 
ficially if the moor is but little, decomposed, the nitrogen in it therefore being 
probably still in a form not easily taken up (for example in organic com- 
pounds). On cultivated moors, however, the yields after fertilization with 
manure are actuall/poor and the weeds grow in excessive quantities because 
an excess of nitrogen probably makes itself felt, due to the addition of ma- 
nure without the sufficient counterbalance of a phosphate and calcium supp y. 

Potassium is a factor primarily involved in the cultivation of moors. 
Tliis holds good also for moor-meadows, on which,_however, a good hay 
harvest, according to M. FleicherS requires the addition of phosphoric ac 
(Thomas slag) besides potassium. (In this connection, he warns against 
over fertilizing if the gromd water level does not he deeper than 20 to 40 
1 ) ?he form in which the potassium is given may also be 
in the majority of cases, for Tacke’ obtained the best results for potatoes 
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In regard to the injuriousness of spring fertilizing, reference should be 
made to the reports of the General Assembly of the Society for the Advance- 
ment of the Cultivation of Moors^. Here it is. especially emphasized, that 
Icainit and Thomas slag must be scattered in the fall because spring fertiliz- 
ing reduces the sugar and starch content in vegetables which require hoeing. 
For Thomas slag, the fall fertilizing is said also to be more beneficial because 
the acid of the moor can then act as a solvent for a longer time. Chili saltpetre 
in cultural experiments had decreased the sugar content in edible roots about 
1.5 per cent. The preceding crop also seems to have an, influence on moor 
cultures, as is shown by a case from the province of Posen^. There sugar 
and late grown fodder beets became diseased when grown after mustard. In 
regard to beet cultivation, Hollrung’ arrives at the conclusion that pure moor 
land should be avoided entirely and even that which has been sanded should 
be used only with care. 


Rotten Bark. 

Up to this point we have learned to recognize the characteristic .starved 
types of growth on acid moor soil ; these are due not only to the scarcity of 
nutriment but to moisture conditions as well, either a lack of water 
arising from the fluctuations in the subsoil, or an excess. These manifest 
themselves in older trees by a greater formation of bark, when high cushions 
of heather and moss surround the base of the trunk. These dense cushions 
store up water, in part retaining that of the moor soil, in part collecting that 
of the atmosphere, and in this way forming a moist felt constantly growing 
up higher around the base of the trunk. Such damp cushions decrease the 
temperature variations necessary for the pushing off of the old bark scales. 
However, they hinder the supply of air especially and cause the decom- 
position of those cell layers in the bark scales, which are especially loosely 
constructed, into a deep brown mass, powdery in a dry condition and slimy 
when very damp, which is called "rotted hark." In these are found the 
brooding places of many animal and vegetable organisms whieh earry on 
and hasten decomposition. 

An investigation of the younger layers under the old bark scales throws 
light on the production of these rotted masses. One of the jaeces of bark 
furnished by Dr. Graebner from the Liineburger moor was 3.5 cm. thick and 
differed from equally old, healthy bark in that it could be peeled with un- 
usual ease into separate layers varying in thickness. The upper surface of 
the different bark layers, as they fell apart, was rough like a relief map and 
covered in places with hard, woody processes in the form of broad cones 
to 2.5 mm. high and often with crater-like depressions. -Such processes, just 

r Berichte der Generalversajnmlung des Vereina zur Fdrderung der Moorkultur 
Jahrg. 1895, p. 123. 

2 Bitter Jaliresber. d. Sonderausachuases f. Fflanzenachutz. Arb. d. Deutsch. 
Landw. Ges. Part 71, p. 130. 

. > Hollrung, Die verschledenen Bodenarten und Ihre Eignung (Or den Rilbenbau. 
Blatter t. Znckerrllbenbau, 1906, No. 14, p. 217. 
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like the tissue cushions.on Ihe various deciduous bark layers, which are like 
warts and occur in lines, were found always on the inner side of the layer 
which was being raised up and had exactly the appearance pictured later 
under the section "Bark Refuse” in the elm. This section should be con- 
sulted. 

The greatest possibility of separation of the lamellae from one another 
was found where a rotted tissue layer, i. e., in a condition of humifaction, be- 
gan to disintegrate and formed a surface of separation. The rotted bark con- 
sisted of cork cells, as shown on the upittr side B in the accompanying cross- 
section (Fig. 35), while H shows the bark which lay nearer the wood, and 
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The great part which the' bark parenchyma, \itt its abnonnal phenom- 
ena of stretching, plays in the formation of the bark shows that this de- 
velopment of rotten bark in the moor pine is related to'the “bark refuse” of 
the elm and distinguishes both cases from the actual tan disease (see page 
215) in which the formation of full cork has the upper hand, as in the many- 
layered lenticels. 

Horticultural Moor Plants. 

The growers, probably because of their study of the natural habitat of 
our heather plants, have used for imported Ericaceae the soil in which our 
Calluna grows splendidly; — i. e., heath moor. The properties of Sphagnum 
peat, thus ascertained, have made this a desired article in trade. Its ad- 
vantages consist in its loosening properties. The results of experiments in 
cultivating Ericaceae led to the mixing of the so-called moor soil with 
heavier nutritious soils as a loosening substance. In this way, the moor soil 
has been introduced as a necessary element in soil mixtures for most of the 
finer horticultural plants. Since no standard was known, however, for a 
good moor soil, many kinds came into trade, with the growing demand. Some 
were either over rich in raw humus, or resembled the character of the 
meadow moor. The dark color of the meadow moor led to the incorrect 
opinion that a very nutritive earth was present. The results of this mis- 
conception were very evident. The complaints of gardeners about acid heath 
soils are almost universal and the degeneration of many favorite plants, such 
as the so-called new Holland, or “Cape plants,” could not be arrested. 

Where meadow moor was used as an admixture in soils for potted 
plants, its properties quickly manifested themselves. In a dry condition, 
this moor soil seems be easily pulverized, decomposing into a powder, of 
remaining crusty. When wet, however, it becomes smeary and cements the 
other particles of soil into dense masses with a poor air content. Since 
meadow moor heats greatly, the upper layers in the flower pot dry out easily, 
become lighter colored and suggest to the gardener that the whole ball 
■ of soil is dry and should be watered. Here is the danger, for meadow moor 
deceives as does no other soil. If such moors be investigated in nature, the 
smeaiy condition is found directly under the dusty surface, a few centi- 
metres deep, since the very binding substance retains the water unusually 
long. Potted plants' are often killed by a lack of oxygen at the roots, even 
if the humic acids are not taken into consideration. These, however, play a 
disasterous role and often cause the injury arising in many cases from the 
use\of loose, fibrous marsh soil. Sphagnum peat is the most beneficial be- 
caus^ the leaf is so constructed that it makes a very porous soil, giving rapid 
moist^ing and as rapid an aeration of the soil in the pot. The excellent re- 
sults obtained in growing orchids with sphagnum are well known. Good re- 
sults will only be had with fibrous moor soils, .full of fragments of Vaccin- 
ium and other moor plants and taken from forest soils, if the raw humfis is 
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removed and the decontposed layers used; even an admixture of lime, or still 
better, of calcium phosphate is advisable. 

I have mentioned the poor growth of plants in moor earth in a special 
section, because I am of the opinion that a very considerable number of phe- 
nomena of disease may be traced to the acids in the soil, — the gardener says 
that the soil smells sour. Even those specific plants-, such as Rhododendron, 
Azalea, etc., only thrive when, as in their natural habitat, they stand in 
fibrous earth which is easily aerated. In the moment when a mixture of 
moor soil with more nutritive solid soils is used for potted plants, we find 
root-decay, which is indicated by the brown edges of the leaves. I consider 
tile theory of the necessity of an admixture of moor soil in cultivating the 
majority of our finer potted plants to be erroneous. As far as my experience 
goes, sand can give incomparably better results as a loosening material. The 
gardener should work with well decomposed leaf mould or compost earths 
and add large amounts of sand. If care also is taken to have good pot 
drainage, there will not be so many complaints about root diseases in the 
future. 

Specking op Opchips. 

A special illustration of the advantages of the use of sphagnum, de- 
scribed in the previous division, is found in the peculiar black spotted con- 
dition of the leaves of epiphytic orchids. In our green houses there are 
many leaf diseases which frequently arise from fungus infection (Gloeo- 
sporium and Colletotrichura, Phoma, Phyllosticta, etc.). We find many cases 
however, in which fungi take no part or occur only secondarily and among 
these an infection should be emphasized especially which may be found in 
Cattleya, Eaelia, Dendrobium and the members of the group of the Vandeae. 

The course of the disease is explained best by thejijtescrtption of a special 
case, which, occurring in Phalaenopsis amabilis vaf. Rimenstadiana', has re- 
cently been studied more closely. All except the youngest leaves of plants 
grown in leaf mould in pierced pots and watered with tap water were 
spotted yellow to black. The disease advanced apparently from the older to 
the youngef leaves and manifested itself, in its early stages, by the appearance- 
of irregularly round or oval, pale, translucent spots. These were scattered 
over the whole leaf, but usually appeared first and most abundantly at the 
tip. When such leaves were cut off and lost water by evaporation, the spots 
which became pale at the beginning of the attack, could be felt like warts 
over the healthy leaf. These conditions changed, however, as the disease ad- ' 
vanced, since the yellow spots at once took on a whitish appearance and 
were depressed like saucers. In this it was seen that different adjacent cen- 
tres of disease coalesced, -forming connected, thin surfaces, which finally 
turned a deep blackish brown and were enclosed like a wall by the healthy 
tissue. After turning brown, however, the spots did not increase in size 

1 Sorauer, Erkrankung von Phalavnopiis amabilis. Zeitachr. t. Pflanzenkrankh., 
180^ Part V. ’ 
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There were also centres of disease, which remained restricted to definite 
groups of tissues. 

When one of'the browned spots, covered with longitudinal bands due to 
the darker veining, was cut through, it was found that its paper-like consis- 
tency was not produced by a possible atrophy of the tissues, resulting from 
an injury due to insects, or from bacteriosis, but only by the drying 
together of the mesophyll cells, which have been almost entirely depleted of 
their contents. The boundary between the dead and the wall-like convex 
bordering healthy tissue was sharp, with no transitions. The collapsed brown 
or (mostly) light walled tissue when treated with iodine, showed only iso- 
lated flakes of cytoplasmic contents together with little drops of a colorless 
or golden-yellow substance. With the entrance of water, the cell walls, like 
the folds of an accordion, were raised somewhat from one another, without 
the cells having been brought to their previous size. In the absolutely dead 
tissue isolated, colorless, slender mycelial threads were found at times. 

If glycerine was allowed to act on the fresh sections, which, moreover, 
also gives a strong acid reaction at the diseased spots and shows no oxydases 
and peroxydases with guaiak and hydrogen peroxid, large, irregular or 
usually spherical masses were drawn together in the cell contents. This phe- 
nomenon was often found in especially sappy tissue, rich in sugar. At the 
periphery of these masses lay the chloroplasts. In the badly diseased parts 
these groups of substances could not be found at-all, but only numerous very 
small or somewhat larger drops. Just as little can this contraction of the 
cell contents into strongly refractive drops be proved in the healthy part of 
the leaf. We might place it in the list of glucoses because, with the Trom- 
mer test, they show in places precipitates of cuprous oxid. 

Further anatomical investigations led to the discovery that, in the var- 
ious yellowish tissue centres, the cell content was used up too strongly, and 
the mesophyll cells had grown out wider. The diseased place thus became 
somewhat swollen up over the healthy surface, but at ogee the diseased tissue, 
which had lived out its life very rapidly, showed this by the appearance of 
carotin drops; it collapsed, turned brown, and dried up. This'process of 
drying, however, is limited, in all cases observed as yet, to the leaf region 
characterized in' the beginning by the turning yellow. In this the phenome- 
non is distinguished from fungous infections. Since now enormously in- 
creased formation of sugar can be proved and the absence of parasites de- 
termined in the majority of spots, we have under consideration a constitu- 
tional disease which set in, where the orchids named were cultivated in leaf 
mould. 

This cultural method has been especially recommended in the last few 
years by Belgian and English gardeners and introduced into Germany in 
part with the use of Flemish leaf mould. After the rapid spread of the dis- 
ease, the old process of growing the plants in a mixture of sph^num with 
bits of moor soil was again followed and the earlier results were again' ob- 



tained. From this it is evident that leaf mould, an extremely favorable sub- 
stratum for most other plants and in which the orchkis named at first grow 
very well, gradually becomes slimy when copiously watered (especially with 
water containing algae) and does not let the necessary supply of oxygen 
reach the roots of the orchids. 

Much better results have been obtained with the so-called Jodoo fibre, 
a very porous moss peat saturated with nutritive salts. Yet the result does 
not justify the increased expense and the old sphagnum culture always' 
proves to be the most advantageous. The modem endeavor of growers to 
force the orchids to an earlier and more luxuriant development by abundant- 
ly supplying nutritive substances, high temperatures and great moisture, 
gives actual good results only for a limited time. Usually a reaction sets in 
in the over-stiiUulated plants, which can be prevented only by a dormant 
period in a relatively cooler, drier place. 

Coofer, drier sand is also in many cases the best protection against decay 
from fungus. Klitzing observed a very instmctive example in a spot dis- 
ease of 'Vanda coerulea, called forth by Gloeosporium which is now pretty 
universal on the continent and in England, as well as even in our country. The 
statements of the collectors show that this Vanda is found in the Himalayas 
on Gordonia, which grows in moderately warm, ■windy habitats. Here, m 
our conservatories, the plants are cultivated, on an average, more than lo C. 
warmer and kept year in and year out in closed, moist greenhouse air. Nat- 
urally the plants become more tender on this account and succumb within a 
few days when artificially infected with Gloeosporium, while, in their native 
habitat, the fungus is restricted and the plants develop further and increase, 
despite its presence. 



CHAPTER III. 


UNFAVORABLE CHEMICAL SOIL CONSTITUTION. 


I. Relation of the Food Stuffs to the Soil Structure. 


A. Soil Absorption Resulting from Chemico-p^ysical Processes. 

Injuries to vegetation can take place either because the capital of nu- 
tritive substances in the soil takes a form quantitatively or qualitatively un- 
favorable for the nutrition of the plants, or because, with an abundant sup- 
ply and normal composition of the nutritive substances, the plant’s capacity 
for taking them up will be arrested by other factors of growth. Thus, either 
a lack or an excess of the nutritive substances can make itself felt, or, be- 
cause of modified conditions of absorption, one single nutritivd substance 
can be present in amounts too scanty or too great for efifectiveness, and thus 
disturb the equilibrium in the organism. This second form of nuO^J^e 
disturbance will be treated in the following division under the headings, 
“Lack of moisture and nutritive substances” and “Excess of moisture and 
nutritive substances.” ^ 

The Consideration of the supply of water in this connection, together 
with nutritive substances, is justified by the fact that the water not only 
furnishes these by its decomposition in the plant body, but also, as 
a transporting medium, causes w'eak or strong concentrations of the 
nutrient solutions according to the amount of water present, thus influencing 
beneficially or disadvantageously the process of nutrition. In vi(ew of the 
constantly changing concentrations, the influence of the water will ther^re 
have to be taken into consideration, when studying the relation outlie nutri- 
tive substances to the soil structure. ' • 

The soluble salts produced by the decomposition of titie minerals or in- 
troduced by fertilization, serve as a basis for soil absorptidn. The retention . 
and giving up of the salts, as also their transformations continually taking 
place in the soil, were thought at first to be predominantly physical processes, 
while they now, in substance, are considfcred chemical processes’. In any 

> See Ramann, Bodenkunde. 2nd. Bdition, p. 21. Berlin, 190S, Jul. Springer. In the 
remainder ol this section, II other authors are not cited, we reljt chiefly on the work 
here named. 
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case, it is difficult to draw a line between physical combination (absorption) 
and chemical combination. 

Absorption becomes of importance, only where large absorptive sur- 
faces are offered, as in organic substances and certain inorganic ones, to 
which bdong the colloidal silicic acid and the colloidal ferric oxid of the 
tropical red soils. Those humus substances, capable of being swollen, seem 
of the greatest significance which are precipitated in soils rich in nutritive 
substances, such as salt-like compounds, but remain to a great part in solution 
in impoverished soils. In the absorption of humus substances the first role is 
played by their capacity to take up free bases and their carbonates. The 
acid humus substances are especially effective for the ammonia found in the 
soil and for ammonium carbonate and we take advantage of this fact 
especially when using a peat mulch. 

Besides colloidal substances, the finely distributed mineral elements 
should be kept in view as a means of absorption. Of the minerals, how- 
ever, quartz always and kaolin, when not combined with alkali silicates to 
form the absorptive double silicate, have no capacity for absorption. The 
chief bearers are the hydrated silicates, especially the double silicates of 
aluminum, which, crystallized as ^hes. are found in rocks and a'^.^ose 
of ferric oxid. They make possible the exchange of bases observable in the 

This becomes effective with the exhaustion of the soluble 
stances in the soil as is made clear by the following experiment carried out 
bv Lomberg' A hydrated silicate was kept for three weeks in contact with 

ib.. .b. M—S -■*- 

sition was found:— 

I. “■ 

Original silicate. 

SUicicacid..^ I.r cent. gg 

Aluminum oxid 29.30 „ 

Potassium 22.75 ^ „ .. 

Sodium ^ 

If tl#-Ieached silicate II. was again treated with » 
p<^lt, the following composition was “ the 

ib-iiUcie »<id, S6.V K' ^ 

ftSg per '^1 i ^ ‘insiead of the anunonia, the cal- 

» Zeltsohr. d. Geol. Qes. 1876, p. 318- 



ually been shown by Riimpier’s experiments and later those of Schlosztng 
Such processes are constantly present and show how quickly a soil can be 
leached by continued abundant precipitation, or can be impoverished in the 
supply of its other valuable food stuffs by a one-sided supply of fertilizer. 

The addition of fertilizer and the consequent increase of nutriment does 
not always give the expected increase in the yield. This occurs especially in 
rich soils and is explained ty the fact that such a soil is no longer in a con- 
dition to absorb, as a direct result of its wealth of nutriment. Soils poor in 
clay are especially able to cause such phenomena because of their small ab- 
sorptive power. 

A further painful surprise, connected with absorption, is the poisoning 
of the soil from metallic salts. All heavy metals combine actively and, on 
this account, for example, the failure of crops, observable near smelting 
works, may not always be ascribed to the sulfuric acid of the fuel alone, but 
often also to the larger accumulations of metallic compounds. The fact, as 
shown by experience, that plants will live in soil containing small quantities 
of copper, lead, zinc, etc., has, up to the present, prevented paying the neces- 
sary attention to this kind of soil poisoning. 

With potassium and ammonium, both of which combine actively, ab- 
sorption often takes place by exchange in equivalent amounts (3 parts K^O 
for I part NHj), whereby sodium, calcium and magnesia pass over into 
solution. The easily dissolved, salt-forming sodium is only weakly absorbed 
and, to a still lesser degree, the calcium, present in the form of its humate, 
carbonate or phosphate, which can easily be replaced in the silicates by other 
bases. Magnesium acts similarly. Acids are combined only when they form 
insoluble salts. This is especially the case with phosphoric acid, which 
forms insoluble compounds with calcium, magnesium, ferruginous earth and 
aluminum oxid. Sulfuric acid is very weakly absorbed, nitric acid and 
chlorin not at all. The latter case deserves consideration in the chlorin 
poisoning near hydrochloric acid factories. 

By the different absorptive capacity and the constant exchange of nu- 
tritive substances is explained the effect of many fertilizers which have a 
two-fold action, — disintegrating and thereby increasing nutriment and^x- 
hausting the supplies. Thus an abundant supply of potassium salts and 
Chili saltpetre exhausts the calcium and magnesium in the soils. The ex- 
pression, “soil impoverished from marling” indicates that marl, as well as 
gypsum, can prematurely exhaust the nutritive stores in the soil by a dSLn- 
tegrating action. In this disintegration lies also the value of sodium chlorid 
(common salt). A greater source of poor production is found in the acid 
content, especially in the abundance of humic acids which greatly weaken* 
the absorption and are in a condition to dissolve all the elements in the soil. 
This subject has been treated more thoroughly under th^ disadvantages of 
moor soils and wider the formation of swamp ore. 
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The less the various nutritive substances are retained and the more 
soluble their compounds, the more easily they are leached out. At best, they 
reach the deeper soil layers, and in regions of strong sudden predpitation, 
they can be carried away. The chlorids present in small amounts in most 
soils are most easily removed, then the nitrates, later the sulfates. This 
takes place slowly with carbonates of calcium and magnesia and the phos- 
phatei are the most persistent of all. Chlorids are dangerous for agriculture 
in regions of very slight precipitation, where they accumulate in low lying 
places, and produce highly concentrated soil solutions. Under the same con- 
ditions, the so-called alkali soUs"' are produced by carbonates and sulfates. 

The question of nitrogen is the most important. The nitrates are so 
very soluble that the upper soil layers, containing the superficial roots, can be 
leached of all their nitrates even if the subsoil contains abundant nitrogen. 
This can only be made available by means of deeply rooted plants. In the 
face of general practice, not enough emphasis can be laid on the great tosses 
occurring with unsuitable fertilization of the fields. Of the calcium salts, 
gypsum must be considered since it contains sulfuric add. With calcium 
carbonates in damp climates, even on soils made from disintegrated lime 
stone, the calcium content may be poor because the carbonate is slowly 
leached out'. On the other hand, all the potassium phosphates as well as 
the phosphoric compounds (with the exception of the alkalis) belong among 
the most persistent minerals. .An exception takes place only in soils with 
free humic acids. Here the phosphates and also the iron compounds be- 
come soluble and even the resistant silicates are decomposed and carried over 
in a.soluble form. In this way moor soils are exhausted of all their mineral 
elements, excepting quartz. 

The natural process of enrichment of the soil by weathering and by the 
action of wind in moving soil masses, by the decay of organic substances, 
etc., which effectively counteract leaching, is of value only in long-lived 
plantations. Here the fact, that the deep growing roots get the nutritive sub- 
stances from the subsoil, again made available for the upper soil layers by the 
fallin^.of the leaves, is surely of great importance. In our plantations of 
one and two-year old plants, we find this help only in the use of green 
manuring. 

^J'inally, soil impoverishment from draining must not be passed over. 
However useful this practice is, as already acknowledged under soil aeration, 
in places it can act most injuriously. This refers especially to the teaching 
of nitrates from the soil in localities, where the fertilizer cannot be exten- 
sivHy supplied. Naturally the loss reaches a significant amount where an 
abundgnt supply of nitrogen is present, as is shown, for example, in Levy’s 
analyses of the drain water from the Parisian sewage fields'. In a liter of 

1 (If water containing carbon dioxid comes in contact with calcium carbonate 
It forms calcium bicarbonate, which is much more soluble and passes off in the 
drainage waters. This always occurs in soils containing organic matter. — H. S. R.) 

*^ollny, E., de Zersetzung der organischen Stoffe. etc. Heidelberg 1897, p. 4. 
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the drainage liquid, Jts it flowed away, were contained 0.8 to 0.9 mg. of nitro- 
gen in the, form of ammonia and between 19.1 to 27.1 mg. of nitrogen in the 
form of saltpetre. The liquid sewage used for the irrigation contained 24.9 
mg. ammonia nitrogen and 0.9 mg. saltpetre. A comparison of these figures 
shows that the fertilizing nitrogen introduced in the form of ammonia is 
oxidized almost entirely to nitric acid by bacterial action during its filtering 
through the soil. Way’s investigations’- show that, on an average, np very 
large amounts of mineral elements may be detected in drain water. He 
found in looo parts only 0.003 pnrts of potassium, 0.186 of calcium, 0.138 
of sulfuric acid, 0.002 of phosphoric acid, etc. Nevertheless we should not 
forget that continued reductions are involved which are added to one an- 
other, in case there is abundant drainage. 

A comprehensive summary of lysimeter experiments in Rothamsted, 
which covered 35 years, and more recent investigations in Holland^ show 
how rapidly, as a rule, the nitrification of the fertilizers, such as the amnlonia 
salts, takes place of itself. Even in the fall and winter the nitrification is so 
active, that great nitrogen losses may be expected. On this account it is ad- 
visable to use ammonia salts as a top fertilizing in the spring. 

When using sulfates and chlorids of ammonia, the calcium combined 
with the sulfuric and hydrochloric acids is washed away in large quantities 
in the drain water. This process is necessarily preliminary to the combi- 
nation of the ammonia in the soil and the subsequent nitrification. If the 
calcium carbonate does not suffice, for this conversion, the ammonia salts 
easily become dangerous for the plants. Since the sulfates and chlorids of 
potassium, like those of ammonium, form gypsum and calcium chlorid, which 
are not absorbed by the soil, the necessity of a periodic liming is evident. 

B. The Work of the Soil Organisms. 

The activity of animal life in relation to the changes in the soil is men- 
tioned in the third volume of this work. In this is concerned primarily the 
work of the soil bacteria, the agricultural significance of which has been 
shown in a very comprehensive short summary by Behrens* and Hiltner*. 

According to the chief work performed by the bacteria, we coura speak 
of those which set free the nitrogen and others which attack the carbon 
compounds (as, for example, the pectin and cellulose ferments) and finally 
those forming humus and those decomposing it. But not only the action of 
these organisms on their substratum is of importance here, but, especially, 
their influence on each other. Some genera or species disintegrate one an- 
other, others nourish eath other. 

1 Further analyses by A. Mayer, Agrikulturcbemie. 6th. Edition, 1902, fVol. 2, 
Section I, p. 118. 

2 Beleuchtung der Bodennltrltikatlon durch Drainwasseruntersuchungen. Mlt- 
teli. d. D. Landw. Ges. 1906, Sttick 13. 

» Behrens, Die durch Bakterien hervorgerufenen VorgSnge Im Boden uhd ©Un- 
ger. Art. d. Deutsch. Lanawlrt8ch.-Gea 1901, Part 64. 

* Hiltner, L., Ueber neuere Erfahningen und Probleme auf dem Oeblate der 
Bodenbakteriologie etc. Arb. d. Deutscb. Liandwirtsch.-Ges. 1904, Part 98. 
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The influence of carbon disuifid serves as an important example, fA', 
besides a poisonous action, a stimulus directly beneficial to growth has been 
assumed for it. The latter is thought to be recognized in the fact that a 
clearly recognizable increase of fertility sets in after the disappearance of 
the carbon disuifid and its influences which arrest growth. Hiltner suc- 
ceeded in proving that the carbon disuifid chiefly conditions the changing 
phenomenon by disturbing the equilibrium of the bacterial flora of the soils. 
By means of its ability for dissolving fats, it suddenly forces back the bac- 
teria which had prevailed up to that time, just as it also stops entirely the 
increase of all species, so long as it is present unchanged in the soil. If the 
poison become diluted, or disappears through conversion, the long repressed 
numerical growth of the soil organisms increases in such a way, that, for 
example, an increase of 9 millions of the species growing on meat-pepton- 
gelatine to 50 millions in one gram of soil could be proved in one case. Thus 
an increase in the nitrogen production and with it of the potato harvest 
could be determined chemically by Moritz and Scherpe, 


With reference to the behavior of the nitrogen bacteria described in the 
second volume' under soil bacteria, we will here only supplement 
the facts stated there. After Winogradski especially had proved the con- 
version of the ammoniacal nitrogen to nitric nitrogen to be the successive 
achievements of two different groups of bacteria (builders of nitrites and 
nitrates), it was determined by Omeliansky that the nitrogen of the organic 
substances must have been previously converted by other bacteria to am- 
monia. Disturbances can easily occur in this work, since these bacteria are 
most sensitive to dissolved substances. Thus, for example, the activity of 
the organism forming nitric acid stops absolutely if any traces of ammonia 

are present. 


In contrast to the above, numerous other species of bacteria (more than 

twenty have already been identified) possess the ability of demtnfcahon i.^n 

the reduction of the saltpetre to free nitrogen which passes off into the air. 

People have wanted to trace to this process the fact that /rr J staHe — 

undL cfrtain circumstances, injures the saltpetre contained in the soil and 

that straw fertdmng acts disadvantageously. is 

chiefly explained by the fact that protein forming organisms have laid ho d 

^ ^ « . • *1, ^ Pff»iffpr and Lennnermann as well as 

of the available nitrogen in the soil. (Pfeifter and i-emme 

Gerlach and Vogel). These bacteria transform the saltpetre first into the 
Srte and then!nti protein-like compounds. THat “e se^ 
ditions belong here is shown by Hiltner’s expenment in which straw fertiliz 
i was proLd to be very injurious for potted plants,^ while the same 
iunts on open land had a beneficial effect. This contradicUon may prob- 
ably be tracefto the fact that the protein thus produced can be transformed 
more' quickly in open ground to products which can be utilized again. 


1 (Page 89 In the German edition.) 
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In studying the conversion of nutritive substances and their transfor- 
mation by soil bacteria, the process of the storage of nitrogen, i. e., the assim- 
ilation of free nitrogen by bacteria, is to be considered. Besides the anaerobic 
Clostridium Pastorianum (Pasteurianum), determined some time ago by 
Winogradski, which with sufficient amounts of carbo-hydrates can make 
use of the atmospheric nitrogen for its nutrition, — aerobic species have been 
found by Beijerinck such as Azotobocter chroococcmn. This species, present 
in every field soil, consumes extremely large amounts of carbo-hydrates by its 
nitrogen assimilation (according to Gerlach and Vogel 8.9 mg, nitrogen in 
I gram grape sugar). 

The changes in forest litter should be included here. The nitrogen en- 
richment due to them has been caluculated by Henry*. H^iemphasizes that 
nitrogen is stored up with the decomposition of dead- oak and beech 
leaves and spruce needles. This decomposition is very active on damp soil in 
summer, but scarcely noticeable in winter, or when miked with soil. Ac- 
cording to his calculations, fallen oak leaves accumulate 20 kg. of nitrogen 
per hectare within a year. On dry soil the dead foliage either does not be- 
come enriched at all (in the red beech), or only very insignificantly (white 
beech, spruce). In no case, however, was any loss of nitrogen noticed. 

The active enrichment of the soil by the symbiotic tubercle- forming 
bacteria should also be mentioned here. Cultures of these bacteria have been 
introduced into commerce under the name “Nitragin”* and cultures of non- 
symbiotic nitrogen gatherers are sold under the name “Allnit.” More recent 
investigations indicate that not only bacteria of the same species adapted to 
.individual host plants may be assumed, but that even different species may 
be distinguished. Hiltner contrasts two species chiefly on account of their 
morphological and physiological differences ; viz., Rhizohium radicicoia and 
Rh. Beijerinckii. The activity of these tubefcle bacteria in their relation to the 
Leguminoseae begins only when the Leguminoseae have suffered for some- 
time from nitrogen hunger and they are inactive when nitrates are present in 
the soil. This should be mentioned only in passing to illustrate further the 
dependence of bacterial life on various factors. The root secretion of each 
plant must also count as such a factor. Even the very healthy seeds which 
get into the soil and the green parts of healthy seedlings have a specific bac- 
terial flora, which.'can increase greatly and swarm out into the soil. Other 
micro-organisms can be pressed back by these®. From such inequalities of 
the growth conditions in the soil must arise necessarily significant fluctua- 
tions in the individual number of each species of bacteria and thereby in the 
whole achievement so far as the,production of nutriment favorable for culti- 

- 1 Henry, E., Ueber die Zersetzung der abgefallenen Blatter im Walde etc. (Annal. 

Sc. Agron. franc. VIII). cit. Centralbl. Agrlk. Chem. 1904, p. 793. . 

2 In regard to soil inoculation, it should be taken into consideration that bac- 
teria, like all plants, will thrive only when the soil is so constituted that it Jj^rors 
their increase. As Remy has very characteristically expressed it, '^hey miJPfind 
their prdp'er soil climate.” • 

8 Dtiggell, M., Die Bakterlenflora gesunder Sanien etc. CentralbL f. Bakt. H. 
3904, Vol. XIII, p. 198. 
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vated plants is concerned., If now, for various reasons, as, for' example, 
specific^ rwt secretions, certain species of bacteria, which are attracted to 
any_definife plant variety^d incited to great increase, carry over various 
nutritive substances, primarily, nitrogen, in a form unfavorable for the culti- 
vated p'lants, it can happen that chemically the supply of nutritive substances 
may be sufficient, perhaps even abundant, and yet the product may fall off. 
We then face the phenomena of soil exhaustion or “fatigue.” Hiltner men- 
tions experiments in reference to this. He perceived definite indications of 
soil exhaustion in the third generation of peas, which during a period of 
three years were grown seven times in pots in the same soil, but differently 
fertilized. “The.plants became sick, were easily susceptible to attack, turned 
yellow premartrely and gave poor seeds.” In the later generations;’ the dis- 
eased conditions were overcome in this e.xperiment. “The roots of the pea 
plants were now noticeably browned, but were perfectly white and healthy 
inside, and it coufd be proved that a regular bacteriorhiza was present, which, 
formed by well-adjusted, beneficial bacteria, prevented the further penetra- 
tion of the injurious organisms.”* 

In regard to the exhaustion of the grape, Behrens (loc. cit., p. no) cites 
the observations of A. Koch, according to which it could be produced by an 
accumulation of injurious micro-organisms. After sterilizing the diseased 
soil (not the healthy soil), the growth of the vines improved. 

If such a change in the composition of the bacterial flora takes place in 
a direction irijurious to cultivation, it explains the increase of soil exhaustion 
du| to the repeated growth of the same plant on any given piece of land, 
with short intermissions. And this accumulation of destructive elements is 
of importance not only for the bacteria, but also for other vegetable and 
animal enemies which, can cause soil exhaustion. 

Among the bacteria which accumulate in the soil with repeated culti- 
vation of the Leguminoseae, Hiltner found that the pectin fermenting organ- 
isms became active. He found that in soil greatly exhausted by peas, per- 
fectly healthy pea seed rotted especially because of these bacteria known as 
acid formers. 

Another variation in the normal work of soil bacteria is the turning the 
fertiliser to peat. In heavy soils, often after some years, the fertilizer has 
been found pretty much undecomposed. In the same 'way green manure 
furned under too deep, turns to peat. As a result of the limited supply of 

the formation of raw humus is completed. The end and aim of working 
the soil, howdver, is the production of a suitable humus covering, for by 
the humus we obtain an equalization of the extremes of heat and cold, mois- 
tgre and drought and the suitable nutritive soil which alone makes the exis- 
tence of most bacteria possible. If this is present, field soil can develop its 

» al life,.which, to a certain degree, is measurable by the production of car- 
dioxid. How the bacteria co-operate in this, is shown by some statements 
T 

' 1 Bodenpaege und Pflanzenbau. Arb. d. D. Landwlrtach.-Oes. Part 98, p. 74. 



of StoklSsa and Emst‘, who reckoned the re^iratoiy intensity from too g. of 
dry substance of the Bacterium Hartlebi, a denitrifying bacteriimi, to be 2.5 
g. of carbon dioxid per hour ; in the *^e amounfof dry substance of Clost- 
ridium gelatinosum, an ammonfii fonner, the culture gave 2.0 g. carbon 
dioxid. The fact that the carbon dioxid production of a field is actually de- 
pendent primarily, on bacterial life, is demonstrated by the circilmstance that 
no carbon dioxid was produced in observable quantities after experimental 
earth had been sterilized. 

We find the following statements in the work of the above , named 
authors on the influence of aeration. Forest soil taken from a deep jtosition 
gave 59 mg. per kilo, of carbon dioxid within 24 hours in^aerobiosis''o mg., 
in anaerobiosis, while peat soil yielded 41 mg. in aerobiosis and 7 mg. in 
anaerobiosis. Naturally, heat and moisture also act determinativelv. The 
greater the production of carbon dioxid in a field, the more completely does 
the chemical process of the combination of the free ammonia take place^ as 
Schneidewind’ has observed. This question comes under consideration here 
in as much as the losses in nitrogen with an addition of animal manure rep- 
resent an impoverishment of the stores in the soil. If stable manure with 
ordinary treatment is left in a manure pit, it shows a nitrogen loss of 30.31" 
per cent, after lying three months. If it lies, however, on an underlayer of 
old manure, producing a great deal of carbon dioxid, the loss amounts only 
to 16.94 per cent. Here the abundant carbon dioxid must have combined the 
free ammonia or have prevented the disassociation of the ammonium carbo- 
nate already formed. 

Among the most serious injuries, because the most frequent, be^ 
longs the so-called “unripe soil.” This is distinguished by its lack^ 
of elasticity from the ripe soil which, under the influence, of the soluble'ii 
.salts in the soil and the micro-organisms, takes on the friable structure*}^ 
ready described. In consideration of the great work which the bacteria 
form in soil decomposition, we can assert that the ripeness of the sq^ is due 
to their work. If we do not know by far all the processes taking place in 
ripening soil, we do know that we may consider the ripening up to a certain 
stage as actual fermentation. Attention need be called here only to the special 
pectin fermenting organisms (Plectridia) which seem of importance in germ- 
inating seeds of the Leguminoseae and iurther to the cellulose fermenting 
organisms with the great formation of hydrogen and methane (marsh gas 
CH,). Further, the Streptothrix species confe under consideratior as humus 
fermenting organisms, but especially the granulose organisms fdlujijng acids’ 
which produce chiefly butyric acid and carbop dioxid. In 'this, fte Plectri- ’, 
dia take over the chief share in the mineralization of the or^nic Substances. 

• 1 Stoklasa, J., and Ernst, A., Ueber den Ursprung, die Menge und die BedeutuiuT 
des Kohlendloxyds im Boden. CentralbL, ftir Bakteriolo^e etc. Section II. 19«5. 

XIV, Nob. 22 and 23, p. 725. « 

2 Schneidewind, Zur Frage der Stalldtingerkonservierung. JDeuteche lafflw. 
Presse 1904, No. 73. • 

» Ldhnls, F., Ueber die Zeraetzung des Kalkstlckstoffa. CentralbL t. Bakt IL19^ ' 
No. 3-4, p. 87, , ^ ; 
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The nitrogen collectors {Bodies radicicola and B. megaterium, Clostridinm 
Pasteumnum, Aaotobacter) as also the ones forming ammonia {BaciUus 
ureoc.fi. albumints, B.prtteusvulg<^ts\ B. iutyricus, B. mycoides, B svb- 
Ulis. B. mesenfericusmlgatus. B. foefuiusMcterium coprophUiitn. etc.) the 
mtnf^ng Bacterium nitrobacter, etc., and the denitrifying genera 
(Bactlhs mycoides, B. subftilis, B. liquidus, B. nubilus, B. vulgaris, B. 
colt, B. prodtgwsus, B. Itquefaciens, Bacterium fuscnm, Clcsf/ridium gel- 
alinosatKtc.), have been considered and attention should now be’called to the 
specific organisms of decomposition. All these biological processes are 
enacted in ripe soils, supplementing or combatting one another, according to 
■ the cHnjatic conditions of . the soil at the time. 

Besides bacteria, green algae, the appearance of which counts as a sign 
of good ripening, have been considered to be nitrogen collectors. According 
to KochS however, this is not the case, but their value lies in the fact that 
by.their chlorophyll activity they furnish carbon for the soil bacteria, which 
combine nitrogen. Beijerinck, Schlosing and Laurent insist that the blue- 
green algae can assimilate free nitrogen and, according to Saida”, a number 
j of mold fungj^ould also hav e this abilit y. 

As TrebouK^ has recently emphasized, the activity of the nitrite and 
nitrate bacteria may frequently be lost, but the ammonia retained in the soil 
is always at the disposal of the plants and used up by them ; this may still be 
taken for granted for many cases. Other investigators have also proved the 
usefulness of ammonia. Ultimately, however, the formation of the ammonia 
in the soil is based on the decomposition in which bacteria participate. 

The growth of the majority of micro-organisms affecting the fertilitv 
iof the soil is connected with an abundant fluctuation in moisture, and the 
passage of heated air over the soil with its drying effect. These conditions 
lacking in heavy soils in wet periods, — i. e., the soil remains unripe. 
Here the cultivation of useful soil bacteria succeeds only with a constant 
working of the soil. Acknowledged practical workers recommend the 
quickest possible turning over of the grain stubble on loamy soils in order 
to obtain a greater nitrogen gain by an earlier soil ripening. In the Lauch- 
stadt experiment station about the same results were obtained by early 
ploughing as by a green manuring. In spring planting on all heavy soils, a 
•falt-ploughing is the best precaution gainst unripe soils. 

Recently, letting the ground lie fallow’' has again come into use for 
heavy soils. In light soils it should be considered a wasteful process. The 
.benefit of^etting ground lie fallow is its disintegrating action; no final de- 
« 

1 Ueber die Schicksale des Cbilisalpeters Im Boden etc. Blotter f. 

Zuckerrilbenbau 1904, No. 21. 

* Koch, A., Bodenbakterien- und Stlckstofffrage. Verb, d. Geaeilsch. deutch^ 

Natur. zu Kerlsbad. 1903. Part I, p. 182. % 

* Vogel, J., Die Assimilation des freien elementaren StickatofEs durch Mikro- 
erfl^nismen. CeAtralW. t Bakterfol. IT. 1905. Vol. XV. p. 174. 

* Treboux, 9 ., StickstoEfern&hrung der grilnen Pflanzen. Ber. d. botan. 

Geaellach. 1905. p. 570. * 

® Hillmann, Bedeuttlng der Agrikulturphyslk etc. Nachrichten aus dem Klub 
der Landwirte, 1902, No. 463 and Mitteil d. D. I^ndw.-Ges, 
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cision has been reached as yet as to how this efltect is produced. It is thought 
that in this, physical, chemical and soil bacteriological processes interact 
supplementarily. The frequent thawing and freezing in the winter serves 
to break and loosen the soil. Thus the action of the atmospheric processes 
is favored and the soil opened for the beneficial species of bacterift. It has 
not been determined with certainty to which genera these belong. Hiltner 
has proved first of all, that they are not the Alinit bacteria. In the end the 
usefulness will be decided by the greatest accomplishment of the nitrifying 
bacteria ; for, according to Reitmair’, the nitrification in good mild soils with 
sufficient heat begins immediately after the fall harvest in such a way that 
the nitrate requirement of the subsequently planted grain will be met until 
the next spring. In this, however, a suitable friability and a definite calcium 
content is taken for granted^. (See also the statements under Drain Water.) 

Naturally it must be emphasized with Stutzer’ that the land may be al- 
lowed to lie fallow only under certain fixed circumstances. It is thought 
that this may be done if it seems financially most advantageous for the agri- 
culturalist to do without the field for the long time while it is lying fallow, 
rather than to use the more quickly acting green manure and stable manure. . 
When working with soils tending to unripeness, emphasis should be laid on*' 
this lying fallow only because it loosens the soil mechanically and does not 
affect the fertilizing salts. The nitrogen of the organic fertilizing masses 
seems, as Pfeiffer* especially emphasizes, to be held fast in the soil, capita- 
lized as it were, and then shows a long subsequent action. This author is', 
however, an opponent of the theory of letting ground lie fallow, which he' 
chathcterizes as a robber cultivation, so far as the stock of nitrogen is con- 
cerned. He sees in this an incomplete restitution of the amounts of nutri- 
ment removed from the soil by the crops. In Pfeiffer’s opinion, the soluble 
nitrogen compounds obtained by letting the land lie fallow are lost again in 
great, part from uncultivated soils by the water which soaks through. Such 
considerations, in my opinion, are entirely justifiable for light soils, but do 
not hold good for heavy soils provided with an abundant absorptive power 
by the clay and weakened by the harvests. 

2. Relation of the Nutritive Substances to the Plants. 

The phenomena treated in this and the following division, are rarely the 
result of only a lack or an excess of the nutriment in the soil. They are 
usually the result of the co-operation of numerous factors, aniong which , 
atmospheric humidity plays an especially decisive role. We will not forget 
that almost all diseases are produced by an unsuitable combination of the 

1 Beitmar, O., Die Stellung der Braehe-und der GriindUngung in unfiern moder- 
nen Fruchtfoigen. D. Landw. Presse..Sond. 1903. 

2 Wohitmann, F., Fischer, H., and Schneider, Ph., Bodenbahteriologische and 
bodenchetnische Studlen aus dem Poppelsdorfer Versuchsfelde. Journ. f, ij^dwirt- 
schaft 1904, p. 97. 

3 Stutzer, A., Die Nutzbarmachung des Stickstolfs der Luft^iir die Pflanzen. 

D. Landw. Presse 1904, Nos. 10-19. 

4 Pfeiffer-Breslau Stickstoffsammelnde Eakterien. Brache und Raubbau. Berlin, ’ 
P. Parey, 1904. cit. CentraJW. f. Agrik. Chem. 1906, p. 699. 



normal vegetative factors and are disturbances in .the equilibrium of the 
mteractmg nutritive processes whereby certain ones are repressed while 
Others predominate. 

If we now speak of diseases due to a lack, or an excess of moisture and 
nutritive substances we also involve in this the phenomena in which atrophies 
and hypertrophies occur in various parts of the plant body. These need not 
arise from an actual lack or excess of moisture and nutritive substances, but 
are simply produced by the unfitness of the plant, from the combination of 
the factors of growth, to nourish ail its organs advantageously for the de- 
velopment of the whole. The absolute phenomena due to lack and excess 
are approximated on this account by the relative ones in the form of dis- 
turbances of the local equilibrium. 

A. Lack of Moisture and Nutritive Sui-stances. 
a. Lack of Moisture. 

Influence of the Various Plant Coverinos. 

After having considered the physical processes leading to a lack of 
moisture in the soil, and after having discussed a number of phenomena of 
diseases aris'mg therefrom, we must consider supplementarily the influence 
which the covering of vegetation itself exercises on the water content of the 
soil. On the same soil, with the same atmospheric conditions, a cultivated 
plant will find a supply of moisture sufficient for its development on one 
part of a field, and not on another part, if on the former some species has 
been grown which makes a small demand on the water content. Therefore 
the preceding crop is of significance for each planting. 

As Wollny' has determined, the water content is less in the root region 
of a planted field than in the corresponding layers of the naked soil. The 
more luxuriant the plant growth and the thicker and longer lived, the more 
water is lost from the soil. Experiments have not determined any fixed 
scale for the use of water, yet they indicate tliat, on an average, the ever- 
green conifers require the greatest quantities while deciduous trees and 
perennial fodder plants follow in a descending scale and the superficially 
rpoting field plants make less demand on the whole supply of the water in 
the field. Of the latter group, the large, richly leaved, erect Papilionaceae, 
such as the field and bush beans, seem to require the most w'ater at the time 
of their chief , development, while the roots and tuberous plants cultivated in 
wide tows should be named last. In summer the perennial fodder plants 
use somewhat greater quantities than field plants and conifers. This is re- 
versed in the spring and fall. In winter the requirements of the different 
plants equalize, except the conifers, which in mild winter weather 
constantly withdraw definite amounts of water from the soil. 

1 Wollny, E., Ueber den Einfluss der Pflanzendecken auf die Wasserfilhrung 
der Pluase. Vierteljalirsschr. d. Bayer, Landwirtschaftsratea 1900, p. 3S9. 



276 


Y. Seelhorst^ treats the same subject and comes to the conclusion that- 
so far as moisture is concerned, rye exhausts the field much less than wheat. 
This circumstance is very important when planting possible subsequent crops 
for green manuring, for, after wheat, which is cleare<j(,later from the ^eld, 
this crop not only reaches the soil later, but also finds the soil mSih drier.* 

, Clover exhausts the water in the soil very greatly so that, aside from the fact • 
that the soil easily becomes loosened by the clover stubble, in dry years, the 
winter crops following the clover can only develop slowly and unevenly be- 
cause of the lack of moisture. 

On the other hand, the potato, at least the variety ripening moderately 
early, seems to form a very good early crop, since it leaves the soil fairly 
moist. Peas also form a good early crop for winter grain. Oats are con- 
sidered by V. Seelhorst to be especially unfavorable, not so much 
t^cause they exhaust the nutritive substances as bec^iuse they remove water, 
to so mtfrked an extent. 

In connection with field plants, we should consider also the injurious 
influence of grass. It is easy to understand that a close tur# keeps water 
from the roots of plants, especially fruit trees and impoverishes the friable 
soil, but recently a direct poisonous effect of grass” has been mentioned 
which may possibly be due to the fact tliat beneficial bacteria species are 
suppressed by it and injurious ones favored. In the case given, 
the roots of the apple trees were long, abnormally thin and browned, the' 
leaves were very light in color and dropped 4 days earlier. The foliage was • 
sparse, the wood growth scanty'. As soon as the roots or even only a greater 
part of them reached soil not covered by grass the phenomena of disease dis- 
appeared. These phenomena agree essentially with those produced on heavy, 
impervious soils, with a scarcilpof oxygen, so that it seems irt no way neces- 
sary to assume any poisonous action. We find, in many caSes, especially on 
light soils, that the turf does no injury, if care is taken to have nutritive sub- 
stances within reach of the roots. On close clay soils, the grass is kept green 
for a long time by the water rising by capillary action from the subsoil, 
thereby removing a great deal of moisture from the subsoil wdthout return-' 
ing it in quantities worth mentioning during the period of vegetation, since 
the grass uses the atmospheric precipitation itself. 

Wilting. 

In discussing “physiological wilting,” mention was made of the fact 
that the phenomena of wilting can appear feven with an Abundance of mois-. 
ture in the soil, since the roots functiw incompletely*. In soils with’ a hi^ 
content of soluble salts, the water, under certain circumstances, caq be held 
so fast that the roots meet their need only with great difficulty. ,J’henomena 

1 V. Seelhorst, Untersuchungen fiber die Peuchteigkeitsverhaitnisse eines ljeiu&- 
bodens unter verschiedenen FrUcbten. Journ. f. Landwlrtscb, 1902. YoL E>0. cit. Ccn- 
tralbl. f. Agr. CheiAie 1903. Part 6. 

* Bedford, Duke of, and Pickering. Spencer U., The effect of grasii on trees. 
Third report oC the Woburn ezper. fruit farm. London, 1903. 

\ 



then become evident, which can also be produced experimentally by the use 
of highly concentrated nutrient solutions : — short internodes, smaller leaves, 
short roots having a great tendency to decay, reduced production and trans- 
piration. A further^use of wilting is a lowered soil temperature. If a de- 
gree ofifeat IS not reached which is required by a certain plant so that the 
roofs can begin absorbing the water, while the temperature of the air permits 
evaporation by the leaf apparatus, this disturbed equilibrium between water 
demand and supply makes itself felt by wilting. 


A special, not rare case, is the wilting of hot bed plants when the pots 
are cooled during the re-working of the hot beds or during transplanting, 
loexperienced gardeners then water the plants abundantly and the turgidity 
» is restored if the water, previously warmed, awakens root activity. By a 
repetition of the cooling, the same experiment can be carried out until finally 
the pot is overloaded #th water and the roots break dojrn from a lack of 
oxygen. 

Another case of the wilting of potted plants was observed by Hellriegel. 
He found that plants wilted in targe pots, which held three or four times as 
much water as small pots of plants of the same species, which did not wilt. 
This circumstance is explained by the relative water content of the soil, 
which in the small pots amounted to 14 to 20 per cent, while the absolute 
larger quantities of water in the larger amount of soil in the large pots w^ 
so disturbed that it represented only li to 15 per cent, of soil moisture. In 
this case, absorption was made more difficult for the roots in the larger pots, 
by the less easily transported water held more firmly in the capillaries of the 
soil, so that evaporation was in excess. 

In contrast to this physiological wiltingre might term mechanical wilt- 
ing those phenomena due to an actual -lack of soil moisture be- 
cause'the mechanical transportation of water slackens m the ducts. Nat- 
urally with the great demand for moisture in the leaves and the scanty re- 
inforcement in the ducts, the air content increases and in this increase of the 
ait content above a certain degree may be seen the arrest of the water cur- 
rent in the axial organs, as Strasburger* emphasizes. In this, the air m 4 e 
tracheal elements will be more dilute, as the transpiration and assiimlation 
on warm days= are stronger,.and die result is that a moistening of the soil 
becom^so Lch the more quickly effective. In general, watering exerts a 
te^rinfluence, the greater the turgidity of the plants The great trachea air 
dilution shows itself also in th^ well-known fact, that field P’^- 
rapidly in hot weather, will stiffen from the dew on the soil night, 
especially since leaf evaporation is i^iressed at this time. 

i sJasburger. Ed., Uetier den Ba« die Verrichtungen der Leitungsbahnen In 
4en Pfiannen. Jena 1891. ?}*; aen Wasserleitungsbahnen der hOheren 

a^in'berlaln, Houston Stewart, Becherehes sur la seye ascendante. clt. Bot 
Jabresb. 18 » 7 , S- H- 
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Change in P*o6uction Due to Lack op Moistuse. 

The difference in the harvest yield, resulting from a lack of moisture, has 
also been considered in previous divisions, so that here we need cite supple- 
mentarily only a few other cases. Hellriegel’s* experiments ^re most de- 
cisive. Two tests of clover were taken from a field, in which, in places,. the 
plants had begun to wilt. There was found : — 


In wilted plants Leaves 71.0 per cent, water, petioles 78.4 per cent. 

Leaves 71. i “ “ water, petioles 80.8 “ “ 

In turgid leaves among 

the wilted ones Leaves 82.5 “ “ water, petioles 90.0 " “ * 


The wilted leaves contained in the leaf-blades ca. 39 per cent, of dry 
substances ; in the petioles, 19 to 21 per cent. ; while the turgid leaves eon- 
tained in their leaf-blades 17.5 per cent, and in tlie petioles 10 per cent.,— i. e., 
only about half that of the wilted plants. 

An example of the influence of drought on'grain is given by Prianisch- 
nikow’s^ investigations, according to which the nitrogen content increases in 
com, if the moisture decreases. Stahl-Schroeder’s® studies give a more 
detailed representation of the influence exerted by the taking up of nutritive 
substances and their assimilation in dry years. After mentioning the well 
known fact, that phosphoric acid hastens ripening, while nitrogen and potas-' 
sium delay it, he notes tlie importance of the months before blossoming for 
the taking up of the nutritive substances. If the soil moisture is deficient at 
this time, the organic substances will be in smaller quantity. But the nitric 1 
acid, which penetrates easily through the cell walls, will find its way into the 
plants and in its turn again incite the taking up of phosphoric acid, in order 
to effect the formation of the proteins. In this way, in dry years, scanty* 
harvests are produced with a high nitrogen and phosphoric content. The 
nitrogen increase becomes the more evident, since, with drought, the grain 
■stores up the starch with much greater difficulty. The reverse may be de-* 
termined in the Norwegian com tests, the high absolute weight of which is 
caused by an abundant starch deposit. This is explained by the growth of 
the grain with abundant moisture under the influence of the long days. 

In Hellriegel’s experiments with barley, in pots filled with sand, we 
find, expressed in exact figures, the lowering of ^production, as the amount of 
moisture at the disposal of the plant is reduced. 

Soil moisture in percentages . Dry Substance 
of saturation capacity. in Straw and Chaff in Grain 

80 — 60 7394 mg. 4896 mg. 1 averages 

60—40 SS^. “ 4133 " I for 

40 — 20 4842 “ 1942 " 3 Plants 

1 Loc. cit. p. 544. ’ 

2 Prlenlscbnikow, Ueber den Einfluss der Bodenfeuchti&keit auf die Bntwlckltu^ 
der Pflanzen- Journ. f. experim. Landw. 1900. Vol. I, p. 19. 

3 Stahl-Schroeder, Kann die Pflaozenanalyse uns Aufschlufs liber den Gebalt 
an assimllierenden Nd^hrstoffen geben? Joum. f. Landw. 1904. cit. Bled^mann’a 
Centralbl. f. Agr. Chem.'l906. Part 2. 



"the pots with a soil moisture under 20 per cent, of the saturation ca- 
pacity of the sand suffered so much from the summer heat, that the heads 
in the upper leaf sheaths stood still, without advancing to the formation of 
kernels. * 

In apparent contradiction to such results stand the observations of 
practical agriculturalists that in perfectly dry, so-called dust-dry soils, the 
plants can keep on growing, although nutritive substances are entirely lack- 
ing in the subsoil (it is sterile). Such cases are e.xplicable as soon as the 
sterile subsoil contains water and the roots remain in the moisture. Haber- 
landt‘ studied this case experimentally. He let the lower part of the roots 
of his experimental plants dip into distilled water, while the upper roots re- 
mained in soil layers, which, as shown by control experiments, were so dry 
that plants wilted in them. The plants of which the outermost roots dipped 
into distilled water showed a marked increase in dry substances ; from.this it 
is evident that the roots found in the dry soil must have taken up the mineral 
substances. This division of labor by the roots explains the growth of our 
cultivated plants in spite of dry surface soil when their roots reach deep into 
a sterile, but moist, subsoil. 

a 

According to Hellriegel, these changes in production, so well shown in 
grain, take place in the same sense in other cultivated plants. 


Discoloration of Woody Plants. 

The typical result of a lack of moisture and abundant illumination is 
'the vigorous development of the mechanical tissues. We need refer only 
to the conditions found in dry climates. For example, Jonsson* reports that, 
agiong other characteristics of arid plants, the walls of the epidermal cells 
often become slimy. In Haloxylon, Eurotia, Calligonum, Halimodendron, 
layers of slime cork alternate with those of common cork. The slime cork 
is very capable of swelling and is laid bare after the protective cork splits, 
so that it can take up water and hold it. Cells containing slime are found 
also in the assimilatory tissues. In Halimodendron, the secondary bark 
often becomes thick and spongy, thereby modifying the temperature extremes 
and easily storing up water. In the peripheral parts, abundant secretions of 
salts form a protection. These characteristics vary in regions where the 
water supply is abundant in the soil and in the air. Thus, for example, no 
slime cork is found in Halimodendron when grown in Copenhagen. 

Swanlund* reports from new Amsterdam on the extremely thick outer 
walls of the epidermis, the frequent depression of the stomata, the rolling in 
of the leaves with the resulting restrijjted transpiration. We have touched 
upon thik s^ject earlier in the divisions on differences in latitude and on 
the defects i^^andy soils and at the same time have considered the nature of 

. Sef-deiVustenpaan^en. Lunds 

«na St.' PauIFs In Ihren 

^ezldhungen aum Kllma. Dissert. Basel 1?01. 



the red coloration. By artificial interference, a. localized lack of moistttre*’ 
and thereby a formation of anthocyanin is stimulated if the leaves of plants, 
of which a red autumnal coloration is characteristic, be nicked or the 
branches girdWd. Then in the middle of summer a red color appears on the 
upper parts above the injury. . • 

In regard to the phenomena of discoloration produced by heat and 
drought, I will give some observations from 1892, in which year, in .August, 
unusually high temperatures occurred together with hot winds. I found on 
the 19th of August a temperature of 52.7’C. on especially heavy loam soil. 
All the plants wilted and the majority gradually lost their foliage. Naturally 
great individual differences were also noticeable. 

The leaves became discolored and fell, the lowest leaves of the branches 
being the first affected. 

Id the Alder, the leaves fell without losing their green color. 

Acer Pseudoplaianus var. Schwedleri, the under side of the leaf is red. 
From the tips backward the intercostal fields of the leaves turned a reddish 
brown to leather color. Besides this, deep brown, perfectly diy rust spots 
were scattered irregularly over the surface of the leaf. The injured leaves 
remained in place. 

Acer Negunib. The upper leaves were somewhat flabby. The edges 
of the leaflets were curled upward. The leaves next below were a pale yel- 
lowish green, the lowest light yellow, uniformly rolled up on the dry edges. 

Acer plantanoides. The leaves show on tlieir under side pale yellow, 
irregular, small rust spots running into one another and extending between 
the ribs. The dried tips bend upward like hooks. 

Fagus silvatica. On the various leaves, not always the lowest, but the 
most exposed, were irregular, dry places with yellow, faded edges in the in- 
tercostal fields. At times, the whole upper surface is equally lightly 
browned. There is never any outlining of the edges, 

Vitis vinifera. At the beginning of the drought, among tlie normal 
green leaves are found yellowish ones. The lemon yellow discoloration, red 
in other varieties, begins at one place on the edge and advances into the 
intercostal fields until only the veins seem green. In spite of the drought, I 
found on various lower leaves the dry, angular spots of Plasmopara vitkola. 

Prunus Persica. All the leaves are somewhat languishing, some (but 
not always the lowest) turning yellow from the tips backward. On some 
trees, the discoloration advances more quickly along the veins so that at first 
the veining and then the rest of the surface of the leaf colors yellow-red to 
wine-red. Then the leaves drop. (Peculiarity of the variety). 

* Prunus domestica. All the leaves are flabby. The majority, however, 
are still uniformly green with the exception of the lowest, which on many 
branches have become a whitish yellow and have slender; brown,, reflfexed, djy * 
peripheral spots. Easily shaken off by the wind. - s 

Prunus avium. The lower leaves, especially on. the short shoots 
(brachyblasts), turn a uniform lemon yellow and fall. 
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PruHUS Cerasus. Only a few leaves turn yellow, otherwise the entire 
foli^e is still fresh. A proof that the cherry loves drought. ' 

PWus communis. According to the exposure rust spots are found in 
greater or less numbers showing, however, no yellowing. At times dry areas 
appear oh the edges of the leaves, but more frequently the whole surface is a 
dark umber brown (the under side lighter in color with a still fresh green or 
Ughtly brownish mid-rib). The edges strongly rolled upward. Because the 
petioles remain green, the injured leaves do not fall at all or only much 
later. 

From these and numerous other observations it is evident that, on an 
average, the parts of the leaves furthest from the veins discolor and dry first 
and most. When periods of heat follow one another rapidly with a strong 
sun action, the rust spots become very conspicuous; with a lesser intensity of 
the sunshine, a general discoloration in the form of spots prevails. 

Here belongs also the especially strong development of anthocyanin in 
dry! poor localities, which becomes noticeable even in' the arctic regions, 
where the red coloration with the strong illumination is a prevailing 
phenomenon. Wulff‘ cites a very characteristic example. “ 

places, fertilized by the excreta of birds, that the formation of anthocyanin 
disappeared in plants of which the vegetative organs seemed strongly redden- 
ed in arid regions. _ , 

FinaUy, there must be considered the decrease m the power of move- 
ment of clover leaflets and related organs, with a continued lack of moisture 
In Mimosa pudica the periodic irritability is lost and the leaflets remain 

open,— “drought cramp.” 

The Red Coloration in Grain. 

. 1 -WuUI, Thorild, BoUnische 

regard to the theory at ^n'racesa of light, Wullt (p. 67) calls attention 

protection lor the ='■'“1'®®!')'** which it is evident that the \'R'^t absorpUon of 

to Eng^mann’s investigations chlorophyll and accordingly 

SuSTawE^Smenl^ or the 

ceive every^ftiere the necessary ph6 anthocvanin seems to me to be the 

Pflan*enkrankh. 1894, p. 263. 
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leaves in which the cholorophyll has been destroyed. The red coloring mat- 
ter is soluble in water and glycerin, insoluble in alcohol and turpentine, 
turning blue with potassium and ammonia and again red with acids. It is in 
combination with the cell sap, partly in the epidermis, partly in the assimila- 
tary tissue. In oats, the development of the reddened plants and their grain 
production was proved to be less than that of green ones. We have just made 
a study of the reddening of grains’ and, in agreement with Klebahn, have 
come to the conclusion that in this redness only phenomena of a premature 
ripening are to be seen, together with a lack of moisture and great intensity 
of light. In our treatise will be found also anatomical details as to the 
blasting and the appearance of the so-called "drought spots." A yellow 
coloration of the walls of the bast fibres is worth noticing, which increases 
to a yellow brown, as is also the hardening of the cell contents in various 
groups of the assimilatory tissues. 

The death of leaves, due to sudden heat periods, should be distinguished 
from a normal death. The leaf does not shrivel up as completely as the nor- 
mally ripened one, — i. e,, a leaf, the contents of which are nearly exhausted — 
or it can do so only in places. In the normally ripened leaf, only the entirely 
impoverished cells of the leaf tissue, which therefore collapse to a waved 
folded layer, are found between the epidermis of the upper and' of the lower 
sides, while in the former leaf just the remaining, more abundant contents 
stiffen the walls by drying, thereby more or less preventing the collapse. 

I also found the same discoloration phenomena in wild grasses (Arrhen- 
atherum) and expressed a warning against deceptions from anatomical in- 
vestigation. Especially angular or spherical masses appeared in the contents 
which reacted with iodine like starch and thereby could give the appearance 
of a still existing, greater assimilatory activity. The other reactions prove, 
however, that "residue bodies” of the chlorophyll decomposition are here in- 
volved which belong to the carotin group. They could be compared with 
adipocere. 

“Reds” of Hops. 

The disease, called by practical growers "summer rust" "Pox" oti "red 
tan," consists in a spotting of the leaves, which advances from their bases. 
The spots attack the peripheral parts as well as the tissue groups lying 
between the different veins. By a partial destruction of the chlorophyll, the 
diseased places at first appear yellowish, then reddish and finally dry and 
browned. In the meantime the leaf continues longer in a wilted condition, 
finally, it shrivels and drops off, while the upper, younger parts of the vine 
‘ara still fresh, green and developing. The new structures produced during 
this time are smaller in comparison with those of other plants which are un- 
affected and have not lost the lower leaves. If the disease remains restricted 
to the lower parts of the vine, the injury is not important; but, if it attacks 


1 Sorauer, P., Beitragr zur anatoinlschen Analyse rauchbeschS-digter Pflabzen. 
Landw. Jahrb. 1904, p. 696, Plates XV to XVIIL 
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the upper portions with the blossoming catkins, the harvest will be very light 
and an immediate gathering is advisable. 

The disease may be confounded easily with the ‘‘copper rust,” caused by 
the weaver moth, but is distinguished by its location since the copper rust 
colors the leaves on the upper part of the vines a reddish yellow and ’.s 
recognizable from its finely spun threads on the underside of the leaf, while 
the summer rust causes a yellowing and drying of the leaves, beginning at 
the base of the vine. It is a sapping of the older organs by the younger 
ones, which require the organic material there present for their further 
development. 

The so-called “Pole Red” seems to correspond to the “blast” of grain 
and to be the result of a sudden dry period when the catkins mature. 

In this and the related diseases of reddening the lack of atmospheric 
moisture plays an especially decisive role, because watering only the soil 
rarely proves a remedy. It is better, if possible, to water regularly in the 
evening. But for larger areas in practical cultivation the necessary number 
of laborers and the great quantities of water may rarely be had. Hence re- 
sort must be had to preventative measures, in which either the excessive 
evaporation is reduced by extensive shading, or the saturation capacity of the 
soil is increased by the supply of fertilizing salts (not animal manure). Fr. 
Wagner^ cites an example for the later case. He found in his cultivation 
that hop vines, without having been given nitrates, did not resist drought 
and vegetable or animal parasites so well as those fertilized with chili salt- 
petre and also their lower leaves turned yellow earlier. In the same way it 
has often been observed in practical agriculture that fodder and sugar beets 
withstand drought better when the soil has been fertilized with potassium 
salts or nitrates, or even with abundant stable manure . 

Similar discoloration resulting from a lack of moisture has been ob- 
served in flax. This is described partly as the “Reds” (le rouge) and^partly,— 
when the points of the stems turn yellow prematurely,— as the “yellows' 
(le jaune). 


“Leaf Scorch”— “Parching or Vines”— “Red Scorch.” 

The above are collective names for a group of phenomena distinguished 
with difficulty from one another, in which the leaves are colored red. As a 
.rule, the discoloration is followed by a partial or complete drying up of the 
foliage, which begins to fall prematurely. Recently Miiller-Thurgau has 
detemined a parasitic cause for a definite form of reddening* and takes 
pains to emphasize the characteristics, apparent to the naked eye, distinguish 

> Wagner, Fr.. S^pet^rdUngungsyersuche des Deutschen Hopfenbau- Vereina 
“I* Snpiern...scnu^es 1. Pflunsenschutz Iflr das 

ijlr^^Lr"Der WeinstocKs, Centralbl. t. Batrt U, 

190*. Parts 1-4. with Botrytis vegetation is described 

by Helens Tunt^sMhungen iiber Rotbrenner der Reben) in Her. d. Grofsh. 
Bad. Versuchsanstalt zu Augustenborg 1902, P- 43. 
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ing this disease from others. With reference to the form of Red Scorch,” 
described in the second volume of this manual and caused by Pseudopeziza 
tracheipMla (see Vol. II., p. 278*) in which the discoloration often begins in 
the form of spots in the angles of the veins, it. should- be emphasized here 
that the leaf scorch, which is due to a lack of moisture together with strong 
sunshine, begins as a rule with a discoloration of the intercostal fields start- 
ing from the edge. The phenomena vary greatly, according to the variety 
and habitat, and at times only a shining yellow color is found instead of the 
reddening. The edges of the leaves often dry up. The kind of discaforation 
runs parallel with the progress of the summer blight in other woody plants, 
whereby it may usually be observed how the deficient moisture supply be- 
comes evident at first on the parts lying furthest away from the petioles and 
the mid-rib and then advances until finally only the immediate surroundings 
of the veins remain green. (See Changes due to place of growth.) 

In regard to the physiological activity, Muller-Thurgau had proved 
earlier that the formation of starch and its solution took place the more 
slowly, the less the water content of the leaves’ ; irrigated vines formed more 
sugar. 

A phenomenon manifesting itself like the parasitic scorch has been de- 
scribed by Sauvageau and Perraud’ as the pectin disease (malndie peciique), 
the result of continued drought. In this, the leaf blades are loosened from 
the petiole. 

Yellowing Due to the Grafting Stock, 

« 

In our species of fruit there is often a lack of water, because a rapidly 
growing variety grafted on a dwarf stock, in times of great evaporation, is-" 
not able to convey the necessary water to the graft. 

On good soils pears, grafted on quince stock, often fum yellow, while' 
trees on wild stock thrive well. In dry summers I found with sgch dwarf 
trunks that well grow'n scions, inserted later in the bark, formed sti^^g but 
yellowish shoots, while the older top was green. In this too I see phenomena 
of the lack of moisture due to the quince stock which (especially if planted 
shallow) cannot obtain the necessary water. Pears on shallow planted 
quinces ripen their foliage more quickly and lose it easier. 

Premature Drying of the Foliage. 

When the foliage dies as a result of the summer drought, in which it 
usually hangs on the branch, because the petiole has remained fresh, the 
injury suffered by the tree is far greater than is generally understood. 

It is thought that the injury consists primarily in the premature stonning 
of leaf activity and the lessened formation of wood. Kraus’* investigs®^! 

♦ Paging In the German original. t 

• 1 ni. Jahresber. d. Versuchsstat. ’Wadcnaweil. Zbrich 1894. p. 58. «. 

s Sauvageau, C. et Perraud, J., I>a maladie pectique de la vigne. Revue ’-de 
viticulture 1894, p. 9. . 

B Bot Zeit 1873, Nos. 26 and 27. 
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have pfoved, however, that, besides this lack of additional growth, a positive 
loss in' substance takes place, which is much greater than in normal fall de- 
foliatioit. • The l»ves killed by blight do not behave as do those which drop 
oif in the fall. These have gradually given up to the trunk most of the sub- 
stances still utilizable for the plant body and in the end have been loosened 
by a round-celled layer of separation. The dried leaves, in which no such 
layer has been formed, retain the elements which contain nitrogen together 
with phosphoric acid and only the starch with the potassium reaches the 
trunk iJifore the death of the leaf. By the premature drying of the foliage 
approximately twice as much nitrogen and phosphoric acid are lost to the 
plant as by the autumn leaf-fail. This is proved by analysis of the leaves 
of a syringa carried through by Maerker. 


In percentages of dry substances, there was contained in 

Summer blighted leaves Autumn fallen leaves 


Nitrogen 1-947 

Phosphoric acid 0.522 

Potassium 2.998 

Calcium 1-878 

All mineral substances 

(free from carbon dioxid) 8.028 

The above amounts, if expressed in percentages 


1.370 

0.373 

3-831 

2.416 

9.636 

of the whole ash, would 


be as follows: — 

Summer blighted leaves 
24.0 

Autumn fallen leaves 
14.0 



3-8 

Potassium 


39-7 


The Burning Out of Grass. 

WSth the drying of the turf, as the result of hot periods in summer, the 
loss tif nutritive substances must be considered especially m meadows. 
\#ere there are no irrigating arrangements, there is no ^ 

ing the injury. In ornamental planting, however, it rnay be avoided if the 
action of iiTlight and thereby evaporation is repressed at ^ 

mulching with hay or other light shading material. Sprinkling the gras 
surfaces is effective only when it can be earned out repeatedly during the 
day. In other cases, shading must be resorted to. 

Silver Leap. 

The “Silver Leaf” belongs among the phenomena which have not yet 
.^ tested experimentally in regard to their causes and therefore can be 

wf in i™> «• “ *” j*™- “‘r-" 

'■mmllj d=v.loptd. lose their Jerk peeo eppeormee aod Jive . siHery, 
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after June or July. In the following year, or in the second, at the latest in 
the third year, after the appearance of the silver leaf, the branch dies. In 
the specimens which I could examine after the laps# of a year, the 
phenomenon appeared often on the other branches after the dead branch 
had been removed, so that, for the present, I have formed the hypothesis 
that the silver leaf is an absolutely certain precursor of the death of a branch. 
It is found most wide-spread among apricots. I found the phenomenon- 
also in plums and apples. 

The change begins in the older leaves of the spring growth, the youngest 
more often escape ; likewise the late shoots developing suddenly in old wood 
from preventative eyes. First of all only a certain dullness of color is 
found, a loss of the gloss in places and, as it seems to me, an increased 
amount of air in the intercellular spaces between the various palisade cells 
or between them and the epidermal cells, Gradually the dull places become 
whitish, in fact because of a glandular breaking up of the epidermal cells 
between the finest ramifications of the veins which remain green. This 
loosening up consists of a dissolving, in places, of the connection between 
epidermis and palisade parenchyma. 

Aderhold’, who also observed the disease in cherries and found that the 
cells of the epidermis mutually separate from one another, could prove that 
the variations from the healthy leaf, in places displaying the silver leaf, were 
found in the solvability of the intercellular substances (middle lamellae). 
He surmised that the intercellular substance in the diseased organs consisted 
of more soluble pectin compounds than in the the healthy leaf and, since the 
calcium compounds of pectic acid represent insoluble conditions, the theory 
is pertinent, that the disease may be due to a lack of calcium. 

According to this theory, the disease would also belong in the group oj 
phenomena, due to deficient moisture and nutritive substances ; only it must 
be emphasized in this, that the content of moisture and nutritive substances 
in the soil cannot come under consideration here, but that only in the plant 
itself can it be manifested locally. And this circumstance points to dis- 
turbances in the vascular system. This is favored also by the fact that the 
branches with silver leaf die prematurely. 

The apricots and plums which I observed showed gummosis and the 
apple trees suffered from the gnawing of bark beetles. It might be possible 
to strengthen the whole organism by rejuvenescence of the diseased trees 
and by supplying calcium. 

The Water Coke of Apples. 

In the same way the phenomenon may be traced to the local vascular 
disturbances in which individual fruits of a tree in part, or as a wl^e, re- 
main hard and become glassy and transparent,— develop less color and are 
tasteless. 

1 Aderhold, R. Notizeo tiber einige im vorigen Sommer beobachtete 
krankheiten. Zeitscbr. f. Fflanzenkronkb. 1895, p. 86. ^ ' 



In itivestigating an apple, which was only partially glassy, 1 found in 
longitudinal section, that the particles of the skin were most intensively 
glassy smd that, inside the fruit, the white, normal flesh extended from the 
base pretty nearly to the bud end. The glassy tone had a whitish marbling 
due to wedged-in groups of normal flesh. The seeds were mostly deformed; 
not ripe and still white. The healthy part conttuned abundant starch and 
lintercellular spaces strongly filled with air. These spaces were poorer in air 
in the gbssy part and there was no starch except in isolated, wedged-in cell 
groups. The glassy part turned brown more quickly in the air; some dex- 
trin could be found together with abundant grape sugar. In dry substances 
there was found in 


The healthy half The glassy half 

With the skin 21.48 per cent. 19.43 per cent. 

Without the skin 1. 20.24 “ ‘‘ 17.97 


Aderhold‘ found in . 

ffealthy fruit flesh 


Specific gravity 0.718 

Dry substances in percentages of the 

fresh weight I4.44 per cent. 

Ash in percentages of the dry 

weight 2.093 per cent. 

Malic acid in 100 ccm. juice 0.92 g. 


Glassy fruit flesh 
0.925 

la.fio per cent, 
1.76 per cent. 

0.53 g' 


The most recent determinations come from Behrens*. He found ip 

100 ccm. of Water Invert sugar Acid 

Pressed juice of the normal apple 87*3^ S* 5-^5 ^* 5 ^ S* 

Pressed juice of the partially glassy 

r- apple 88.06 g. 440 g- 0.47 g. 


In agreement with my statements, the above figures show that the flesh 
of the glassy apple is considerably poorer in acid, dry substances and ash. 
The glassy appearance and the smaller size is explained by the fact that the 
intercellular spaces of the glassy part are filled with water and the cells are 

'smaller. , , „ . ■ 

- Practical growers believe they have observed that the following varie- 
ties tend especially to the production of glassy fruits Zurich Tran^ar^t 
topic, Gloria fflundi, white Astrachan and Virginia summer Rose apple. , Un 
to average, in the first year of bearing, the little trees were more disposed to 
jhe production of such fruits than in later years. 


' Changes in Production Due to Lack op Nitrogen. 


Starvation Conditions in Cryptogams. 

Preference to the parallelism of phenomena in lower and in more high- 
^ orgamzed, plants, an example may be cited first of all from the fungi. 

Wls^^'j.°BefoM'd*-Qrotsh. Bad. Landes-Vemaohsanatalt AuguWenburg I 
sL I’sM, p. sit'^Kiurlsruhe 1906. 
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Fliorow' tested the effect of starvation on respiration in Mucor andrifliSota 
campestris. In Mucor, respiration immediately falls to a great extent lie- 
cause in this fungus there exists no storage of reserve stuffs in the mycel- 
lium. In the fruiting body of the basidiomycete, however, there is a great 
deal of reserve material and, for this reason, it is very independent of ffie 
nutritive substratum so that its respiration only falls very slowly with star- 
vation. In regard to the exchange of the proteins, Fliorow concludes from 
experiments with Amanita muscaria that the percentage of nitrogen as a 
whole increases during starvation chiefly because the substances free from 
nutritive substratum so that its respiration only falls very slowly with star- 
takes place, which is simultaneous with the periods of spore formation and 
ripening. A rapid decomposition of the protein follows at once. 

To be sure, the production of carbon dioxid and the taking up of oxy- 
gen gradually decrease in the starvation of fungi, but in unequal propor- 
tions, as was observed by Purjewicz’, with Aspergillus niger. 

PrantP has given very good experimental observations on the prothallia 
of ferns. His experience shows especially that, in the seeding of fern 
spores, the most diverse variations occur in the prothallia. Some of them 
have a tissue capable of developing further (meristem), while others lack 
it and therefore are "ameristic.” F,arlier investigations* had shown Prantl 
that the ameristic condition can occur with too small supply of air ’as with 
a scanty supply of water and indeed also of mineral substances'. The ob- 
servation, that under the most favorable conditions of illumination, ameristic 
individuals appear when the prothallia grow too close, led to the experiment 
of testing directly the influence of the nitrogen supply. Spores of the rapidly 
germinating Osmundo regalis and of Ceratopteris thalkiroides were sown on 
different nutrient solutions. .It was thus shown that the spores, germinated 
in distilled water, produced ameristic prothallia. They formed surfaces of 
IS to 25 cells of pretty uniform size and similar content. The chlorophyll 
grains were poor in starch. On the other hand, the prothallia grown in a 
nutrient solution, free from nitrogen, but otherwise normal, were dJs-. 
tinguished by an extremely laige starch content, but otherwise resembled the 
individuals grown in distilled water. Only the specimens grown in a nutri- 
ent solution with a nitrogen admixture (0.64 per cent, ammonium nitrate) 
were meristic. If specimens of meristic prothallia were transferred into a 
nutrient solution free from nitrogen, the meristem disappeared after 14 days, 
while the cells as a whole increased, had divided here and there and had been 
filled with starch. If, on the other hand, ameristic prothallia were placed in 


1 Fliorow, A., Dor Elnflufs dor J^radbrung auf die Atmung der Filze. Bot Cen- 
tralbl. 1901. Vol. 8^, p. 274. 

* Purjewlcz, K; Phyaiolog. Untereucb. liber die Atmung der Pflanzen. clt Bie- 
4erm. Centr^ibl. 1902, p. 180. . ; ' 

e Franti, Beobacbtungen Uber die Erndhrung der Farnprothailien und die VbrV 
tellung der Sezualorgane. Bot. Zeit. 1881, p. 753. 

4 Flora 1878, p. 499. " . Sgi 

e Beed haz shown (Annals ohBot. 21; 501, 1907) that prothallia of Q, sutphimMf 
were unable to form archegonia where calcium was absent TrahaUttor. 



a complete nutrient solution, they at once fonned a meristem on their outer 
edges by a repeated cell-division, while the starch supply decreased. 

The distribution of the sexual organs varies according to the nutritive 
conations. Ameristic prothallia bear only antheridia, never archegonia, 
which are associated with the presence of a meristem. Of especial impor- 
tance at this point is Prantl’s observation that ameristic prothallia of Os- 
munda, which had borne isolated antheridia, developed abundant archegonia 
after nitrogen had been supplied; besides the archegonia, antheridia also 

appeared. 
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nutrient solution, they at once formed a meristem on their outer 
ted^ea by. repeated cell-division, while the starch supply decreased. 

^e distribulioH of the sexual organs varies according to the nutritive 
conditions. Anteristic prothallia bear only antheridia, never archegonia, 
which are ^ociated with the presence of a meristem. Of special impor- 
tance at this point is Prantl’s observation that ameristic prothallia of Os- 
munda, which had borne isolated antheridia, developed abundant archegonia 
after nitrogen had been supplied; besides the archegonia, antheridia also 
appeared. 

From these phanges produce?^^ the nutritive substances is explained 
without forcing the tendency to “dioecia** ascribed to some ferns by 
various authors ; by Millardet' for Osmunda, by Bauke® for the Cyatheaceae 
and for Platycerium, and by Jonkmann^ for the Marattiaceae. 

, H. Hoffman* cites further notes pertinent here; first of all, Von Hof- 
meister, who assumes that in Equisetum the prothallia produce decidedly 
more antheridia in the light and in a dry locality, i. e., bear more male plants 
since the prothallia are almost entirely dioecious. 

Borodin found that germinating spores of Allosurus Sagittatus de- 
veloped antheridia when placed in the dark. 

The Production of Sterile Blossoms. (Sterility.) 

Sterile blossoms in phanerogams are due primarily to a lack of nitro- 
gen. ^is may manifest itself in very different ways; as already mentioned 
in the blasting of grain, a sufficient supply of nitrogen may be present in 
the soil'but as result of a prolonged, intense drought there is lacking the 
carrier, the water, to bring to a further norma! development the already 
differentiated stamens and pistils. On the other hand there may be in heavy 
seeding a struggle for nitrogen in vfhich the plants that earliest attain most 
vigorous vegetative development take the nutriment from the less vigorous 
ones. In "a consideration of sterility there must further be taken into ac* 
count the cases where th* existing nutritive material is used up in some 
other way, so that a one-sided increase or decrease of a growth factor favors 
the vegetative htilization of the elaborated organic material to such an ex- 
tept that nitrogen sufficient to mature the sexual organs is lacking. Finally 
it not infrequently happens that the material is abundantly used in the de- 
ydcqiment of the lesser nitrogen requiring male organs and no longer 
suffices for the development of the ovary. The cases among phanerogams 
where starvation conditions induce blossom development are not in opposi- 
ftpn to this view. Examples of this are found in our fruit trees, where dis- 
.eas^ specimens with a pronounced decrease of shoot development "bloom 
^ihmsetves to death" In' horticultural practice plants are purposely starved 
.fe'brter to attain flower production (Kantua depenjens, Correa, etc.) 

■JfS— 

?, X PrlngAelm's JahrUacher, X, p. 97. 

• Bat Zellt 1878, p. 767. , . . , 

# Bxtralt dea Aictes du Consrds International. Amaterdani, 1877. 

if Sofftnann, H., Zur Geschlechtsbeatlmniung. Bot. ZelL 1871. Noa. S and 7. 



Lovers of cac^ sometimes pull^heir pliits from the pots in aaiiPS 
them shrivel, so that'they’may bloom more freely. In this nitte^lii 
%)t lacking but the scarcity of water causes the plants tp make rise of fhe 
elaborated food in flower production.^ / 

In treating of the bearing of sterile blossoms, due to insufficient water, 
Oberdieck' reports that, as a result of drought, the blossoms of brge- 
, flowered pansies drop prematurely while, with sufficient moisture, they 
develop the seed capsules. Double zinnias behave in the same way, like- 
wise the red flax and often, indeed, Phlox Drummondii. Garden b|ans do 
not set so well in dry years. Raspberries and strawberries give small, poorly 
seedfd fruits. In the ease of the ever-flowering wood strawberry there is 
a degeneration with continued drought, making the plants resemble the 
"Vierlander strawberries,” since they no longer develop fertile blossoms. 
Zacharias“ states that the latter Variety of strawberries is one which is 
usually either staminate or pistillate, but rarely monoecious. He is of the 
opinion that pollination is incomplete where only a few staminate, so called 
"wild” plants, distinguished by their weaker growth, weaker runners and 
lower growing inflorescences with larger blossoms, are present the fields. 
He emphasizes the fact that invariably few pistils develop, so mat only a 
portion of the swollen receptacal is covered. We would lay the chief weight 
on the latter point and advise remedially a change of soil and variety. 
Zacharias recommends putting more staminate plants among the pi^illat| 
ones. 

Phenomena similar to those in the Vierlander strawberry have been 
observed in the black currant*. The sterility is said to be caused neither by 
dryness nor by a shady position, but is ascribed by practical workers^ g 
varietal peculiarity. Likewise complaints are made as to the scanty setraig 
of fruit in tk^Schattenmorelle (shadow Amorelle cherry). The “Praktische 
Ratgeber” (Practical Adviser) advises in grafting the taking of scions only 
^rom the trees jBf that variety which experience has proved to bear well. 
We often meet with such indications of the inheritance of undesirable 
peculiarities. 

Numerou3*statements may be found in regard to the increasing pre- 
dominance of staminate over pistillate blossoms. One of the earliest is 
the statement by Knight, that melons and cucumbers at higher temperatures 
"without sufficient light almost always produce only stamens. Manz*, in his 
experiments, comes to the conclusion that in monoecious" as well as it 
dioecious plants drought favors the development of male plants, whik 
moisture and good fertilization favor female plants. It is said that n^l 
plants can be made to bear perfect blossoms by removing whole branches 
This might then indicate that the nitrogen taken up by the roots is now dis- 
tributed among a lesser number of blossoms and thus better nourishes these 

— * . ' . ' U'i 

1 Oberdieck, Deutschlands beste Obstsorten, p. 9 footnote. Leipzif. 1881; 

2 Zacharias, E,, ttber den mangelhaften Etrtrag der Vierlander ^^beeren.. Vez^ 
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* Vlerte Beilage zur Flora, 1822, Vol. V {alter Hoffmann loc. eit), p, 88; 



^igo^tions are similar with oar fruit trees, most of wMch test a year, 
;^t'*t8.t0 say, bear one year a smaller crop and then the n«t a larger ont 
After a heavy ctjop the trees are usually so exhausted that they need op 
year in order, to store up sufficient'nutritive substances for the-flext crop. 
Hoiffman' mentions further that many trees (the horse chestnut and the 
Scotdi Pine) exhibit a normal alternation of sexes, since they bear staminate 
flowrers one year and perfect ones the following. The increase of carpek 
in the giant poppy (Papaver somniferitm forma polycorpica moHStrosa) 
occurs only in the most vigoteus plants. During hk travels Karsten’ found 
that the palms growing in swamps and damp woods, as a rule, bear pe™ct 
blossoms, but become polygamous again from a lack of nutrition. e 
genera growing on dry cliffs or arid plains have ordinarily but not naturally 
separated sexes, and these bear staminato and pistillate flowers on separate 
branches. At the beginning of the dry Season the fruit ripens, requini«Jh. 
great deal of nutritive material, and then only sUmmate flowers develop , 
while after the dormant period, at the beginning of the rainy season, pis- 
tillate blossoms are formed in great abundance. 

Cuglni* found in starved plants of maize, which he obtained by heavy 
seeding 4 t various individuals bore only staminate flowers, De Vries 
was alL able to demonstrate the inheritance of sterxhty in the case of maize^ 
He took seeds from plants in which the pistillate inflorescences were entirety 
wanting or extremely weak and obtained in the hrst ^ per cent, of u j 
kmpitilcl plants. The sowing of the following year yielded 19 per cent. 

'^'''’A'ciTdescribed by Miiller-Thurgau' shows that aside 

ih^er sterility can *„e!i gra^ couirnot germinate, 

thd stigmas on fruit trees so d^ ttat ^ befti abundantly 

,i« of bte.« 0 . „« a.ndi .8 i. dr, 

»Lh .bu. i. — 

ed trees, on an average, three ^ 

* But sterility experiments on pear blight kept 

, favorable for 'the^^wers and found that the fruit set to a very 

insect visitors away from the d ..nvinced him that certain varieties 
imall extent. „« by their own pollen (nor by 

2^l2t«r^;Lamevarie^^^ 
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other variety necessary for this. This would explain l^e pbsei#^’ 
sterility in lar^'fruit orchards composed of a single variety. < ' 

Ewert* acknowle4ges that self -sterility has been determined ‘for tnaiiy 
species, but is of the opinion, nevertheless, that large plantations of only one 
variety do not fall behind those made up of mixed varieties, because cross- 
pollination will be secured promptly by honey and bumble bees. The setting 
of the fruit fails only if, because of unfavorable weather, the insects are 
unable to fly. 

According to our theory there should also be noted in this connection 
the alternation between chasmogamic flowers (sterile with large petals), 
and cleistogamous flowers (fertile with abprted petals). With E. Loew*i 
we perceive in these conditions no mutations in de Vries’ sense, but simple 
variations which depend on the form of nutrition. Goebel found that 
cleistogamous flowers formed earlier and he was able, by keeping them 
dry and exposed to abundant sunshine, to force violets which had previously 
borne cleistogamous flowers; to form chasmogamic blossoms in July, which 
is a very unusual occurrence at that time of year. The alternation was 
called forth by the postponement of the use of the plastic food material at 
hand. The cleistogamous bud cannot develop with a lack of moisture and 
abundance of light and the plastic building materials then remain at the 
disposal of later produced blossoms. Since in these the pistils are rarely 
formed and do not mature, #he material is free' for the especially vigorous 
development of the petals which need the light. ‘ 

Seedless Feuits. 

Sterility is often connected with the appearance of seedless fruits, and 
can in the same way become a peculiarity of the variety. 

In a new American variety of apples (the “Wonder of Horticulture”) 
this charactistic has recently been considered an especial recommendation 
of the variety*, since the blossoms yield fruit without having been fertiliz®. 
In this way, the harmful agents threatening other varieties at the time of 
blossoming, such as frost, mist, rain, drought, poor insect pollination, etc., 
are avoided. The new variety has no corolla and to this fact is attached the 
hope that blossom pests and other insects, which would be attracted by the 
petals, may spare such flowers. 

Seedless varieties of fruits, i. e., those in which poorly matured seeds 
are found, have been known from the earliest times as, for example, the pear 
“Rihas Seedless,” (“Rihas Kemlose”) and the Seedless Father Apple 
("Vaterapfel ohne Kern”) It is said that it frequently happens that vari- 
eties free from seeds appear from grape seedlings, unfortunately dis- 
tinguished, however, by their small size and the great hardness of the 
grapes. H 

1 Ewert, Wslche Erfahrungen slnd gemacht In bezug aiit gerii^rere J'fpcK& 

barkeit, etc. Proakauer Obatbau-Zeltung, 1902. X 

2 Loew, E., Bemerkungen zu W. Burck’a AbbandJung Uber die MutSUon M 

Ursache der Kleistogurale. Biol. Oentnilbl. XXVI, 1906, Nos. 6-7. : ^ 

s Jan8<m, A., Der kemloee Apfel. Gartenflora, 1906, p. 490. 
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''' Tbe production, ot seeoiess iruits is Sientioned often ii 
r^oHcs. Kirchner', who also, cites Waite’s* observation^ declares tnai 
^ically ^d normally developed fruits are obtained only by crossing wim 
the pollen of a different variety. The latest fruits are always produced by 
■crpss-pollination. Pears produced by self-pollination developed at times 
almost no seeds. The flowers exposed to the visits of bees, or artificially 
cross-pollinated, on the contrary, yielded fruit with abundant healthy seeds. 
Thus it would be advisable to grow a mixture of varieties. 

In opposition to this theory, Ewert*, even in his latest papers, holds to 
his point of view, advocating for practical reasons the cultivation of a 
single variety in blocks. 

In. regard to seedless grapes, we will refer to the investigations of. 
Miiller-Thurgau*. Ewert emphasizes, in reference to seed-bearing fruits 
that for the setting of the fruit, the amount of organic matenal at 
the disposal of the individual blossoms is of especial importance. In vanous 
cases a better nutritive condition for the individual blossoms can be obta^d 
artificially by ringing, since they vary in Development. The Pistils 

are either greatly developed and project as much as one.centimeter above 

aTv) or the pistils are shorter than the stamens (protandry). Ewert s 
experiments do not confirm absolutely the conclusion that the stronger pro 
r^T^devioed the more the blossom, whiaji is consequently self-stenle. 

1 and protandry manifest themselves, the greater the poss bd y of s i 

I* «df. p,.^My ** p- 
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healthy by the autumn frosts. At A we W a nonpal woody' 

branch ; at the tennina! bud of which is swollen up to a seedi^ 

fruit ; at C ,i's^^wueh a fniit grown from a lateral bud with priftiOftha of 
core; « is the scar of a fallen leaf; s an undeveloped lateral bud; i a per- 
fectly matuied leaf bud on the fruit stem; sch scale-like leaf on this stem; 
^ g are the normally extended vascular bundle fibres, arranged about 
compartments of the cote (f) enclosing the rudimentary ovule*. Att® are 
visible the dried remains of the calyx and at st the branches of the style, - ^ 
This case differs from fhe one described by Burbidge and from mjil 
others described as yet, in that the fruit, is the product ef the buds of the 
cutrent, not of the previous year. It -Is not rare foi* ffie pear to bear 

occasional fall flowirst They- can, in 
fact, arise from buds set the praivious 
year, as is often slated, but, as yet, I 
have had opportunity to observe only, 
such blossoms as were produced on 
the branches of the current year, mi- 
tured in the summer, a fact which 
could be determined easily from the 
wood ring of the branch bearing the 
fruit. The proleptic blossoms had, 
with the relatively scanty nutritive 
supply and the short time granted 
them for development in the fall,’ 
naturally little opportunity to develop 
the parts of the cortex into well fla- 
vored fruit flesh. This explains, on 
the one hand, the lack of size and, on 
the other, the lack of flavor of the 
pears here described. If the fruit buds 
had not been stimulated by the un- 
usually increased supply of water at 
the then autumnal season, they would probably have yielded perfectly 
normal fruits the following year. 



While the fruit remained seedless in this case, because in the prolepticr 
development the accumulated building materials are insufficient, other cases 
also occur in which enough material is present, but is utilized in some other 
way because of the destruction of the normal embryo. Thus Miillq^: 
Thurgau) states that pears whose carpel layers had been destroyed by a lat|| 
frost, produced fruit then exhibiting in place of a core a hollow chamber itt 
which tissue excrescences ,had grown out from the side wall. 

The appearance of ||j||ffiess fruits is, therefore, to be treated primarily 
as a question of food sup^. The organic building substances are.noP 


1 Mttller-Thurgau, H., E!lKentamllcbe FrostsChilden an OIntb&umen und 
X-XII. Jabresb. der Deutscb-scbweizer. VersucbBstat. WtLdenswatl, ISOS, p, 66. 



295 

i ' ft'' embryo, no matter whether 

^-ofthe stimulns of . fertilization, from the poor 
Itossoffls from the exhaustion of the tree as a r4ult o’^^iow heavy 
crop or from a proleptic development of a fruit bud. la ionsideratidn of 
the fact that s^d-contaming fruits develop bdtter thai seedless. fruits ‘from 
same Iree, it is more advisable agriculturally and horticulturaUy, as long ' 
a» s«^Iess ■^laneties cannot be cultivated with absolute certain^,' to en- 
coutage the possibility of seed formation. • 

. Ewert has proved that although in orchards of one variety 

theuiumber of seeijless and poorly seeded fruit is large, the f niits producing 
seeds still predominate, on which account he has asserted that “pure ptaitting'' 
is advisable, yeuidt the present we would give preference to mixed plantiitgi 
The yactical- disadvantages in regard to the protection and harvesting of 
varieties growing and ripening differently, may be decreased by cultivating 
.each variety in rows. In avenues of frees at all times that variety which is 
most nearly ripe should be especially watched. ' ' " 

The Behavior of Weak Seeds. 

The causes, which have affected the failure, or the poor maturing of 
tlie seeds in seedless fruits, have been felt more or less in other cultivated 
plants, so that we must also consider the behavior of poorly developed seeds. 
The scanty amount of nutriment must manifest itself in the specific gravity 
and, in this connection, Clark's' experiments show that seeds of low specific 
grcaiity do not germinate at all while those somewhat heavier germinate 
sparsely and often produce weak plants. The highest ‘percentage of germi- 
nation is found in seeds with the highest specific gravity. 

According to Hosaeus’* experiments, normal plants can be produced 
even from immature, i. e. specifically light, seeds by carefully providing very 
favorable conditions. But the death rate is considerably larger in compari- 
son with that of normal seeds. This rtders especially to the use of grain, 
for example, which had necessarily been Harvested in the milk stage. Some- 
times the immature seeds undergo a sufficient subsequent ripening, outside 
of their fruit covering, and can then, under certain circumstances, germi- 
nate more quickly than the incompletely matured ones. According to 
"Kinzel’ this may occur in parasites of silk varieties (Cuscata) and is very 
well worth consideration in combatting them. 

_ At times, with a poor quality of seed, a careful soaking is beneficial in 
®der to shorten as much as possible the time the seed lies in the soil before 
jgennination. Immature seeds especially decay much more quickly, par- 
ticularly in heavy soils. But this soaking of the seed is disadvantageous 
i'becaule the seed must lie, longer in the soil ungerminated if a period of 


* 1 aark, A,, Seed selection according to epoi^o giaviisr. New York Bipor. 
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• Kinxel, W., t)ber die Keiming halbrelfer ond reJfer Samen der Qattung Cus- 
vTCtitd. L^dwlrtech- VerauchsBtat. IJOO. Vol. 54, p. 125. 



drou^t nrriii^han if it had been sown naturally. Zawodhy* has prova#*' 
this experimffl|Mly for cucumbers. In this connection refer^ce must^e^^ 
made to the already discussed interruption of germination drought. 

DaoppiNc OF THE Fruit. 

Besides the dropping of pears already mentioned, which Muller-Thtlf;- 
gau observed as the result of drought at the time of blossoming, fruit-bearing 
trees have an annual house cleaning during which poorly nourished blossoms 
or young fruits are dropped. The flowers developing last at the tips of Ae 
inflorescences, especially those at the ends of branches, are the ones cast off. 
There is not enough plastic nutriment at hand for development. The fruits 
nearest to the source of supply, the trunk axis, take up the nutritive sub- 
stances at the expense of the organs further out. For fruits cultivated on 
trellises, these nutritive relations can be regulated artificially, since a large 
part of the unfavorably placed specimens can be removed with shears soon 
after the fruit is set. 

In growing fruit for market very exact consideration must be given the 
moisture requirement, especially that of peaches and apricots. When the 
stone begins to harden, the most water is needed, and the dropping is often 
caused by a single dry period. Before and after this stage of development, 
however, more care must be used in watering, since otherwise sprouts are 
produced too early, which divert the material necessary for the maturing of 
the fruit. Then, at a later stage, the fruit will drop from a lack of nutri- 
ment, or, at least, be injured by it. 

We have already mentioned in previous chapters that mature fruits ' 
may drop because of a late dry period, and it is now necessary to recall that 
fruit, injured by a late spring frost, is sometimes found in grwt quantity 
on the ground. All causes which lead to the sudden tost of function of an 
organ ultimately effect its dropping. 


The Drying of the Inflorescences on Decorative Plants. 

This phenomenon is often met with especially by amateur growers of . 
potted plants. Aside from the effect of dry air which will be treated later, 
and the dryness of the soil already mentioned, there are two circumstances 
that come under consideration here. Both represent a starving of the blos- 
som buds. In one case it is actually a lack of nitrogen which manifests it- 
self when the plants stay in the pots too long, in the other case it is a. lack 
of food for the blossoming organs, since other organs have taken it. 


Our azaleas and camellias serve as the most usual example of the latter- 
case. 'Plant lovers complain very frequently that the plants which have a; 
great many buds do not open their buds in the house. In azaleas the bj(cki 
become dry, in camellias .they fall. In both case's fresh, rapidly and vigorri-' 
ously growing shoots develop prematurely directly under the blossom buds. ^ 


p. 236. 
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fcll of the blossoms. The error in treatment is that thtf^^Iants m kept 
Tvl*™ ? insufficiently lighted for the given stage of Z 

h ■ .j ' 'r*' flower, to be sure, needs warmth and atmospheric 

humtdt^ for .ts development, too great moisture in the soil injures it, This 

‘J** » premature exfoliation and these 

attrart the current of nulntive substances to themselves, squeezing out the 
functionally weak blossom buds. 


In forcing bulbs, especially tulips, we also find such conditions of star- 
vation of a flower .bud resulting from too vigorous a development of the 
vegetative orpns. In the newer cultivated varieties we often find that the 
Sower stalk is not leafless, but has one or two leaves borne on clearly 
narked nodes. In such examples, the bud is so weak that, when forced in 
srinter, it cannot develop at all, but dries up, because of preponderating leaf 
'rowth, resulting from the excess of moisture and warmth. 

An experiment made with y eUheimus glauca may be cited as an ex- 
unple of the drying up of the flower buds, due to a lack of nitrogen. A 
rigorous double bulb had been divided several years previously and each 
laughter bulb had bloomed rcguhrly every winter after this division. When 
ater one of the bulbs was not transplanted, while the other was set in new, 
rich earth, the inflorescence developed earlier in the former, to be sure, and 
vas more slender, but the flowers dried up before being completely formed. 
This plant was now given homshavings as a source of nitrogen, without 
riianging the soil in the pot. In the following year the inflorescence appear- 
:d to be more vigorous and the flowers more numerous; part of them de- 
veloped and became colored, but not so deeply as those from the bulb which 
lad been transplanted each year. 

It is well known that a supply of nitrogen will increase the product of 
agricultural plants. 


The Formation of Thorns. 


The formation of thorns, i. e,, the replacing of a bud on the end of a 
shoot by a woody, pricking tip, may be perceived as an indication of the lack 
of nitrogen. A comparison of figures 37 and 38 (cross-sections of Rhamnus 
cathartfca) shows what changes have taken place. The tissues, indicated in 
, both figures by the same letters, should be compared. We see that in the 
Jormation of thorns, the thick-walled elements gain the upper hand, and that 
even the parenchyma cells of the bark and of the pith have unusually thick 
walls. A young branch ending in a thorn, can at times form lateral buds at 
Its base, if enough nitrogen Is still present for the formation of the meriste- 
iiiaUc centers. But these lateral axes begin to assume thom-Iike character- 
' istics early, in their development. Ducts may be found as far along on the" 
[■’•Aorns as leaf, buds can be recognized and even for a distance beyond them. 
iTheie usually disappear in the apical region. 

‘.The elimination of thorns is especially desirable horticulturally because, 
■ffor example, the thorns of such plants as Crataegus, Pirns communis, 




Fi^. 37. Crofis-section through a one-year old 
branch of Rhamnus cafhartica. 


Prunus sfinosa, etc., are 
apt to injure people worknig 
among them. TTie transfor- ' 
mation of the thorns into nor- 
mal leafy shoots, ending wit}» ; 
a terminal bud, results from 
pruning and transplanting the 
wild plants to rich, loose, weD 
drained soils. 

c. Changes in Production 

DUE to a lack of 

Potassium. 

By way of introduction, 
reference must be made once 
more to the fact that a lack 
of potassium in the soil condi- 
tions a lack of moisture. Holl- 
rung’s’ recent experiments 
have proved that a soil mixed 
with potassium salts contains 
much more moisture than the 
same soil under otherwise 
similar conditions. 

The potassium enters the 
plant in the form of potassium 
nitrate, sulfate and phosphate, 
chlorid or even silicate. In 
the plant it may be found in 
combination with organic and 
inorganic salts and especially 
in the tissues in which carbo- 
hydrates may be found, Hell- 
riegel andWilfarth proved ex- 
perimentally that the amount 
of carbo-hydrates deposited 
as reserve substances (starcU 
and sugar) in potatoes, grain, 
and sugar beets, depends 
directly on the amount of 
potassium supplied. Thus 
it is evident that a lack 
of potassium must manif^t 

1 HollrunK, Vortraar im 
haltintschen Zweigvereln 
Zuckerrtlbenkultur. Blatter 
ZuckerrUbenbau 1906 p. 76. . 
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m a scarcity of the reseive substances. Besides this, the lack of 
pi^ssiim explains also the fact, already -observed, that shoot formation is 
retarded, since the cellulose, necessary for the formation of the parenchyma. 
IS likewise a carbo-hydrate. 

Without potassium, the plant becomes green, to be sure, but does not 
grow much beyond the amount of material furnished from the seed. All 
other nutritive material, therefore, can not have been used (law of the 
minimum ) . According to N obbe’s 
studicis, if the very valuable com- 
pound, potassium chlorid, was 
given to potassium hungry plants, 
even after they had lain dormant 
for months, an increase in growth 
was produced in two or three 
days. The formation of starch 
began immediately’. An addition 
of potassium "becomes fully effec- 
tive, however, only when it is not 
rendered inactive by calcium. Ad. 

Meyer’ emphasizes the especially 
favorable action of potassium 
chlorid, but he .found this con- 
siderably weakened when calcium 
bi-phosphate was also present. 

W^h sugar beets potassium 
chlorid, as well as calcium chlorid, 
when used alone, ' worked very 
well, but not if added siraul- 
taneoasly. 

Hellriegcl found in grain that 
with a scanty potassium supply, 
the green parts matured at the 
expense of the kernels. This is 
li^t the case with a lack of nitro- 
gai; the plants then develop com- 
pletely but remain small. In trees 

_ . • .« j 1 1 e . • Explaiialion of IcUeFS as in Fife. 37. only here tlie phellfr 

continued lECk OI potassium l>ark (AlsTcIncViuK' Thtryupitcar 

always leads to a weaker develop- transformed into perm.n«.lcelK UrterDf>l.ner-NobU) 

-menfof the end shoots and finally to *‘tip blight" and Janson* statb that he 
,!has cured this disease by a direct addition of 40 per cent, potassium salt. 
Sal^rally tip blight can be produced by very different causes, and on loamy 
soils especially other causes must often be sought primarily. 

i Nobbe, SchrSder and Erdmann, Die organlsche Leistung des Kaliume in der 
I^tbuise. liandwlrtsch. Versuchagtat. XIU p. J21. 

■'• 3 Jahreaber. t Agrik. Chemie 1880 p. 26$. 

Janson, A.. Kalidtlngung gegen die SpltzendOrre. Prakt Ratg. f. Obst- und 
Wleubau im No. S8. 



Fig. 38. Cross-aecUon through the thorn ot 
Rhamnus cathartica. 
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Agricuknrally worth consideration is the fact, coniittned experj^ 
mentally', that with a lack of potassium, as contrasted with complete ni^ - 
trition, a larger part of the nutritive substances taken up (excepting the 
phosphoric acid) will wander back into the soil. at the tiiAe of ripaiiflgL 
This was observed, at least, in summer wheat, barley, peas, and mustatd. 
■Potatoes formed an exception. 

The manifestation of a lack of potassium in fungi is very interesting. 
Molliard and Coupin' found in Sterigmatocysixs nigra a malformation of the 
conidia which were produced only very exceptionally and matured incom- 
pletely. As under other conditions due to starvation, the conidia germi- 
nated at once, but their contents grew into a chlamydospore form. 

The most important question for agriculture is, whether positive ex- 
ternal characteristics may be found which indicate with certainty the lack of 
potassium? 

We owe the most important experiments along this* line to Wilfayth 
and Wimmer", who set up comparative-cultures of sugar beets, potatoes 
buckwheat etc. They tested also for scarcity of nitrogen add phosphoric 
acid and found that with a lack of nitrogen leaves took on a light green 
to yellowish coloration and finally dried up with a light brownish yellow color. 
With a lack of phosphoric acid they were colored a deep, dark green, cor- 
responding to the occasional excess of nitrogen, and in extreme cases black- 
ish brown spots were formed at the edges and later distributed over the 
entire surface of the leaf, which sometimes had a reddish color at first. 
Finally followed a drying up accompanied by a dark green to a blackish 
brown coloration. If, however, sufficient potassium lay at the disposal^ of 
such starved plants, abundant quantities of starch and sugar were formed 
in spite of this ; even with a lack of nitrogen, thi? process seems to be in- 
creased rather than decreased. If, however, in an otherwise normal nutri- 
tive supply, the potassium is lacking, the above-mentioned increased forma- 
tion of straw in grain as against the formation of kernels becomes manifest. 
Under these conditions the amount of green growth in edible roots, or 
tuberous plants, was increased in proportion to the containers of the reserve 
substances, which possessed appreciably less carbo-hydrates than with ’a 
lack of nitrogen and phosphoric acid. 

Since the .plants use first of all the potassium supply in building their 
■vegetative skeleton, they retain longer, by their habit of growth, the appear^ 
ance of normally nourished plants with a lack of potassium than with,^ 
lack of nitrogen and phosphoric acid, but then the jntemodes are shorten^ 
and the leaves curl upward convexly. At first near the leaf edges and the^- 
later scattered over the whole surface of the leaf, appear yellowish spc# 
which rapidly turn brown or often change to white, while the petioles' add 
- 

» 'Wliraitli, ROmer and WImtner, Ober die Nahretoffaufnahme der ^ ^ 

verschledenen Zelten ihres Wachetums. clt Centralbl. t. Agrik.-Chemle 1#«S 

X Molliard et Couptn, Sur les formes teratologiques du 8tsrigmaiOGysti«,-niia^ ' 
prlvS de Potassium. Compt rend. 19(H..,CXXXVI p. 1S69. 

> Wiltartli, H. W. and •Wlmnwr, G. (Ref.) Die Kenpseicben dee 
an den BlSttern der Pflansen, Zeitscbr. f. Pflanxenkrankh, 1903 p. 82. 
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Of especial importance is tlie observation of the above-named authors, 
that tjie roofs as well as the tubers of plants grown with a lack of potassium 
tend very easily to decay and that plants lacking any nutritive substance 
are always more predisposed to attack from animal and vegetable parasites. 

■* Von Feilitzen* made the same observation on timothy grown on moors. 
It was attacked by fungi only after it had been weakened by a lack of potas- 
sium. He noticed in clover that the lots sown without potassium, or wi|th 
a slowly soluble compound of it, were •'scorched” as if grown on poor 
sandy soil, after htng periods of drought. 

When experimenting with different fertilizers, Moller found that with 
a lack of potassium the seedling plants of the Scotch pine had less growing 
power, their needles had a faded appearance. 

Valuable as are these attempts to find positive characteristics due to a 
lack of potassium, I still think that for a long time we will have to make use 
of these characteristics only with great care in diagnosis. In the first place, 
we do not know whether the same characteristics always,— i. e. with all vari- 
ations of the factors of growth, — become visible in the same species. In the 
second place, we still know too little of the phenomena of starvation which 
make themselves felt with other nutritive substances. In the third place, the 
influence,of injurious gases at times gives such deceivingly similar effects, 
aside from parasitic attacks, that it might be difficult to draw definite con- 
clusions from the changes in habit alone. It should be taken into consider- 
ation that almost all injuries to the leaf manifest themselves first in the 
regions lying farthest away from the veins conducting water, hence the fre- 
quent beginning of the diseased condition at the edge of the leaf or in the 
middle of the intercostal areas, upeurved between the larger veins. 


1^: feather with the immediately adjacent tissue n 
leaves dry up. banning usually at the edges with s 
theadjoiningFig. 39). Flower and fruit formation , 
of potassium, hot infrequently, individual plants go 
while, with a lack of nitrogen and phosphoric acid 
can be maintained until the end of the tim.- 


d. Changes Due to a Lack of Calcium. 

It is well known that the plant uses calcium as stiffening for the cell 
%alls and as a means for combining the poisonous oxalic acid produced, 
fa the phenomena of disease, the fact that an excess of oxalic acid can re- 
dissolve small amounts of calcium oxalate is important’. The calcium oxa- 
fate produced is re-dissolved only in a few cases*. Usually the organism 


I 'CoiQp&re also, v. Seelhorst, Die durch Kallmanf^el bei Vletsbohnen (Phssoolut 
nanus) hervorgerufenen EJrachefnunwen. Zeltschr. f. Pflanienkr. 1906. p. 1 . 

■ ii » V, FeUltzen-JOnkHplng, Wle relgt slch der Kalimangel bei Klee und TimothM- 

Mitt d. Ver. *. FQrd d. Moorkultur. IS04. No. 4. n. 41. 

■ ' • * Wttrte, Dictlonaire de chlmle II, p. 647, dt by de'VrJea in Landwirtsch. Jahib. 

im p. St 

■ v4 Sorter, P., BertrSge zur Kelmungsgescblcbte der Kartoffelkndle. Berlin, 
ft Hempel. 1866, P> 27, and de Vries, H., tlbey die Bedeutung der Kalkab> 
WwanfeB in. den Pflanzen. I,andvlrt8ch. Jabrb. v. Thiel, 1881, p. 80. 
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not possess the ability of re-dissolving the calcium already deposited in 
tissues in appreciable amounts and transporting it where it can instantly 
become eflfective for new structures, when there is a lack of caltiim. At 
least the experiments of B6hm‘, Raumer and Kellermann' and'Benecke 
prove that no calcium, or very little passes from the containers of reser^ 
substances into the' young tissues when the plants are grown in distilled 
water, in solutions free from calcium, or in quartz sand. The fact that no 
calcium is necessary for the formation of starch itself has been pfoved y 
Bdhm. He found that primordial leaves free from starch with shnvelletl 
petioles became filled with starch when grown without lime, but unde^ 
otherwise favorable conditions. In order to dissolve the reserve substance 
and to transport it chemical combination with calcium is ^ 

investigation of plants grown in media lacking calcium proved that the 
organs^leaves, cotyledons) had not given up all the starch, the leaf body 
or the adjacentdnternodes retained considerable quantities, while y<>“ 8 
Jant starved to death despite its sugar content. My own expenments* ^o 
Ld to the conclusion that the plant needs arm mineral 
from the solution in the soil, even at a time when tt is working up the re 
material into cellulose, etc. , 

disadvantageous for germinating see y ^ definite excess 

highly concentrated solutions Loew starvation 

of calcium in the ^ An earlier assertion of 

SS::r£lat,withaJa.of^cMci^^^^^ 

Sisris :ell :r W^h’eim, has also proved the error of these 

statements*. phenomena due to a 

Among the older obse . . Robinia, etc., grew but 

lack of calcium in water ““ures. exhibited spots, simi- 

little teyond the germinating s ^ gradually, and 

then the petioles often broke. On coniters, 

became yellow to brown. 

Landwlrt8Ch. Versuc^statio . 52 Umaetzunsen von Stick- 

. ; — »^TSet£wt„a.^^ ,.„awlr«cn Jahr. 

. „,,.endtxKe.t dea KaiKea ttlr Kelmllna. at. 
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Recent cultural experiments with grain, buckwtot xtDUh-, 

densis^ in nutrient solutions, free from calcium, showed that after a five day 
retention in a solution free from calcium, the root growth became less and' 
later ceased entirely. The roots turned brown and the root cap died. , Pe- 
culiar, brownish spots were found on the leaves, which soon went to pieces. 
The content in acid potassium oxalate and in starch was greater than jn 
normal plants. The death of plants, in a nutrient solution without calcium, 
has been traced by Loew to a poisonous action of the magnesium salt. 
Bruch’s cultural experiments with magnesium sulfate, nitrate, carbonate, 
and phosphate in aqueous solutions showed that the roots, to be sure, soon 
Stopped growing, but the aerial parts developed further perfectly normally 
and even blossomed. Wheat plants in solutions free from calcium and 
magnesium died far more quickly than those in solutions lacking only the 
calcium. 

Amar’ observed the absence of calcium oxalate crystals in those leaves 
which were formed after the plants had been put in a solution free from 
calcium. 

A further insight into the conditions due to a lack of calcium is given 
by Kriiger and Schneidewind through Schimper’s statement that, when the 
calcium is removed, all the symptoms of poisoning from an enormously large 
content of acid potassium oxalate are indicated. In Phaseolus these authors, 
to be sure, could prove no especial increase of a strong organic acid. They 
succeeded, however, in keeping tha plants until all the reserve substances 
had been used up by painting dying seedlings witli a calcium solution either 
on the hypocotyles or at the place where death usually begins. This sub- 
stantiates Bohm’s observations that seedlings of the scarlet-runner bean 
take up calcium as well as water through the outer skin of the petioles and 
leaves. 

The experiments of Moisescu’ confirm the above observations. He 
found in different cultures in nutrient solutions that those seedlings had be- 
came affected earliest and most extensively which had grown in solutions free 
from calcium. In Platanus orientalis, the leaves of which partially became 
brown and dry along the veins, it was found that the’diseased ones contained 
twice as much acid as the healthy ones. Gloeosporium nervisequnm in- 
fested the diseased leaves. On this account it must be assumed that the 
parasite named attacks only weakened leaves. This weakness would con- 
sist here of "Calcipenuria,” that is to say, a lack of calcium. In the author’s 
opinion, not enough calcium was present to convert the excessive potassium 
oxalate into calcium oxalate. '■ 

Besides cultural experiments of this nature, a large number of practi- 
cal results point to the injuriousness of calcium poverty. At least we find 
in many cases a cessation of the phenomena of disease after an additidtf of 

— ; t' ^ 

> Bruch, P., Zur physlologtschen Bedeutung des Calciums In der Fflsa«^ 
Landwlrtsch. Jahrb. 1901. Suppl. III. p. 127. m 

2 Amar. Mazime, Sur le rOIe de Tozalate de ^clum dans la nutrition 4«e 
v6g€taux. Annal. sc. nat bot. 1904. XIX, p. 195, > 

s Moisescu, N., Gin Fall von Calclpenuria. Zeltscbn f. Pflanzenkr. 1905. 21. 
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In this, the calcium may often act beneficially on the constitution 
.of- the soil and often directly on the composition of the cell sap. According 
to our explanation of the matter, a considerable number of cases of disease 
exist which are called forth directly by nitrogen excess, and for which the ad- 
dition of calcium and phosphoric acid remains the only effective remedy. 
In the division “Enzymatic Diseases,” we will, also have to consider the 
beneficial action of calcium fertilization. There we will also touch upon 
the subject of the over-abundant formation of acid in the plant which cer- 
tainly sometimes influences unfavorably the mode of production. Thus, 
for example, with a lack of calcium in the soil, the sap of sugar catie con- 
tains a great deal of acid and but little sugar'. We will mention later special 
cases of oxalic acid poisoning. 

e. CuANGES Due to a I-ack of Ma<;ne.sium. 


Plants grown in a nutrient solution lacking magnesium often live longer 
than when the nutrient solution docs not contain calcium. It might be con- 
cluded from this that the plant is able more easily to remobilize the inag- 
nesium compounds already deposited in its tissues and to make them partially 
accessible again for, the young organs. If the grain becomes diseased slowly 
from magnesium hunger, the leaves are a light green and appear limp, but 
not directly wilted. From the beginning it is possible to imagine a very 
considerable effect on the formation of seeds, if one considers that, for ev 
ample, the globoids enclosed in the protein grains may be assumed to ^ 
calcium and magnesium compounds of a double phosphoric acid. In 
reality with a lack of magnesium, there is a decrease in the formation of 
fruit, as stated by Nobbeh He gives the following symptoms. The leaves 
become pale in color, with yellow to orange red spots here and there. 

■ The chlorophyll grains are pale yellow green and contain, as a rule small 
amounts of starch. Diminished cell division is noticeable in the epidermts, 
Nobbe found that plants grown with a lack of magnesium correspond to 
those from nutrient solutions free from nitrogen, m that red spots are 
present on the petioles and the leaves fall prematurely. The latter character- 
istic may well be present in all starved plants, since the young organs ex- 
haust the older ones when the supply of nutriment is msu^fficient 

Moller- also observed an orange red coloring in h.s “ 

Scotch pine seedlings with a lack of magnesium. He says that the needle 
“Xr had bc^ht orange yellow tips but farther back passed through 

when* the seedlings had been given magnesium in y'® ’ 

Ramann analyzed the orange tipped needles of two-year 

■ and found thit these contained 0.2791 <:<''>»• magnesium (calculated 0 

the'dry weight), while the adjacent normally green specimens show 

. edntent of 0.6069 per cent. 

1 Semler, Tropische Ax^ultur. n Editi^ ^VoL p. ^ 

. I Dtlbner’B Botanik lUr 4^ K^ter. Bond. Z. f. ForBt- und Jagd- 

i • MSller, A., Karenzerscheinungen bet oer R-ieirr- 

' maea, 1904 . p. 746 . 
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In regard to the action of magnesia, Loew and May^ have express^ 
the opinion that a definite quantitative proportion between soluble calcium 
and magnesium compounds is necessary for favorable growth (corres- 
ponding approximately to their molecular weights, i. e. 5 to 4). Magnesium 
in the soil in great excess over calcium is injurious. Plants which in so far 
lack magnesium, as that calcium is present in excess, exhibit symptoms 
of starvation. A small excess of calcium arrests the poisonous action of the 
magnesium. In the use of fertilizers containing magnesium, calcium should 
also be given at the same time. This advice should be taken to heart. Even 
if plants can well endure magnesium, and even actually need it, any excess is 
certainly injurious, as has also often been proved in fertilization with raw 
potassium salts.' 

f. Changes Due to a Lack or Chlorine. 

It should perhaps be assumed that chlorine and calcium are antagonistic 
in plants. Mayer’s conclusion, mentioned under potas.sium, that the action 
of potassium chlorid is weakened by calcium and, conversely, would indicate, 
this. In the same way Knop* found that less calcium is taken up when the 
nutrient solution contains chlorine, and the calcium did not appear to be 
represented in any corresponding way by potassium or any other base. Thus 
the chlorine compounds (by the retention of the calcium) cause an essential 
increase in the acid content of the plant sap. Since, among the acids ab- 
sorbed, the phosphoric acid predominates. Knop thinks it permissible to 
ascribe to this acid the greater fertility with a use of nutrient solutions con- 
taining chlorine, which was observed by Nobbe. Accordingly one would 
like to explain the process thus, — the chlorine which accumulates” in greatly 
different quantities in the plant body, according to the amounts offered the, 
roots, can increase the transportability of the phosphoric acid, since it 
decreases the absorption of calcium and thus prevents the appearance of the 
phosphoric acid in the slowly soluble form of calcium phosphate. If the 
phosphoric acid, co-operating in the formation of the proteins, reaches 
very easily the meristematic areas of the growing tips, an abundant forma- 
tion of cytoplasm occurs together with cell increase and, in connection with 
this, a plenteous streaming of the carbo-hydrates for the protein regenera- 
tion. Accordingly, vigorously growing shoots with but little stored up reserve 
substances wilt necessarily be found in plants, fertilized with chlorine. 
Actually, the many fertilization experiments show a decrease in starch and 
reserve sugar in the luxuriantly growing cultivated plants. , . 

1 Ixiew, O., and May, tV.. The relation ot lime and magnesia^%) plant growth.; 
U. S. Departiripnt of Agrio. Bull. I. cit. Bot. Jahresber. II. d. 141. ^ 

* Chemlsch-physiolc^iscne Untersuchungen Uber die Ernahrung der Pflanie 
von Knop and Dworzak. Aus Berichte d. Kgl. s^hs. Gesellsch. d. Wisseosch. voii) 
23. April, 1876. Cit. Jahresber. f. Agrikulturchcmie, 1875, p. 287. 

* Peignoul, Sur le r61e exerc^ par les sels aJcalin sur la v4g^tatlon de la better- 
ave et de la pomme de terre. Compt. Rend. 1875. Vol. LXXX, p. 1010. Fertillsipfr 
eMperimenta carried on for five years with chlorids showed for beets a fluctuatiopi'ln 
contents from 1 to 50. In potatoes, the smallest yield in tubers coincided with the 

. least amount of potassium carbonate in the ash but with the gi^atest amount ol 
chlorides. 
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Ilg 40 Blossoming buckwheat plant grown in a normal 
nutrient solution. (After Nobbe.) 


Besides the probable increase in 
the transportability of the phos- 
phoric acid, it can be proved that 
chlorine has a favorable influence, 
on the transference of the starch 
prepared in the leaves. According 
to Nobbe’s experiments, the plant 
starving for chlorine continues to 
grow, exhibits a very dark green 
color and gives a considerable pro- 
duction of substances rich In carbo- 
hydrates, but sooner or later, — at 
any rate before the time of blos- 
soming, — there occurs a peculiar 
change in form and structure. 
Nobbe found the dark, abnormally 
fleshy leaves crammed full of 
starch (in oak and buckwheat) 
rolling up, becoming brittle and 
dropping. The stems and petioles 
seem puffed up, the ihtemodes of 
the stems always are shorter and 
many finally dry from the tips 
backward. If the plant reaches 
the blossoming stage, only scat- 
tered, unusually poor small fruits 
develop, despite the abundant 
starch material in the leaves. The 
effect of a lack of chlorine is best 
recognized by a comparison of a 
normal buckwheat plant with one 
grown w i t h a 
lack of chlorine 
(figures 40 and 

41)- 

g. Lack of Iron ■ 
AND "Jaun- 
dice” (Icter- 
us). 

The expres- 
sions, “jaun- 
dice" "yellow- 
sickness, “white- 
leaved » ess," 
“vari egation" 
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"chlorosis" "albicatiom" "etiolation" are the most common names for 
condition in which a leaf loses its green coloring matter in spots, or over 
the whole extent of its surface. The causes for this change in colw art 
..very different, but always represent a condition Of we^ess. , ^ 

In order to survey the manifold causes of the disease, we will endeavor- 
to group them into ' 

I. Induced and non-transmissible conditions. 


(a). The discoloration attacks the whole surface of the leaf, 
which has matured in the light. After having been green 
in its young stages, the whole leaf assumes a yellowish. 



Fig. 41. Buckwheat plant grown in a solution 
free from chlorine. (After Nobbe.) 


yellow to yellow- 
white colon tone- 
Icterus or jaun- 
dice. Cause : usu- 
ally a lack of nu- 
tritive substances^ 
(b). The pale discol- 
oration is present 
in the young organ 
and the leaves re- 
main in^a con- 
dition resembling 
youth until their 
p r e m a t ure end. 
Cause : lack of 
light and at times 
of heat (see these 
topics). 

2. Innate and transmis- 
sible conditions. ' 
Portions of the 


plant show yellow 

to pure white spots or stripes. Those plants suffer especially iii 
which pure white leaves appear near the ones spotted with green 
or all green. The spots have usually a sliarp demarcation; 
White-leavedness, albication, variegation, sometimes transmissible 
j|through seeds or by grafting. Cause; probably enzymatic disir 
turbances (see these). 


Of course there are intermediate stages between the types named, stee 
the individual causes often work together. ' 

In the present division we will examine only the icteHc conditione^)|pd 
treat them under lack of iron because, since the investigatitos of the Gm*, 
father and son, it is customary to consider jaundice as caus^ especially by 

> Qrla, A., Ann. sclene. nat. 1876. VI aer. V<a. VII. p. 201. 
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••iUiladt of iron. The authors named found jaundiced leaves turning green 
►.where phinted with a soluble iron salt. A change to green may also be d)- 
; served if the roots of such plants have a dilute iron solution at their disposal. 
■The experiments on the effectiveness of the iron solution were often re- 
peated; as, for example, by Knop' and Sachs®, who observed in cultures of 
maize in nutrient solutions free from iron, that the plants remained green 
only as long as the reserve material from the seeds lasted. After this time, 
leaves developed which were green only at the tip and were already yellow 
at the base, until the next leaves appeared uniformly icteric. Similar dis- 
colorations, at first appearing in stripes, were found on mature plants which 
had developed normally at first, and then were placed in a nutrient solution 
free from iron. The blossoms then became sterile and the production in dry 
weight was considerably less. Frank® observed that there occurred with a 
lack of iron an universally noticeable phenomenon of starvation, viz., the 
newly produced leaves exhausted the older ones, which lost their color and 
died. In icteric organs, the chlorophyll grains have a normal form, bul their 
number and size is possibly smaller and their color pale. Although the 
chlorophyll pigment contains no iron*, the whole nutritive condition of the 
chlorophyll grain will become weakened by the lack of iron. But at first 
the chloroplast exists in a normal form which is not destroyed until later. In 
this lies the difference between the phenomena of starvation and enzymatic 
albicatioiW 


In order not’ to be obliged to separate the phenomena whose similar 
symptoms lead to confusion, we will mention here icterus due io cold. We^ 
find in cold, wet seasons a gradual yellowing in most cultivated plants, which 
disappears of itself with a rise in temperature. Often in spring, the- leaf 
points of our flowering bulbs are yellow when they push out of the earth 
and the young leaves push out gradually with a normal green color only as 
the weather becomes warmer. 


From this transitory jaundice must be distinguished the chronic form 
ih which the yellow leaves always remain yellow. This may be observed i 
sudden great cold affects the young cells and destroys the chloroplasts. 
Then irf place of these, are found only fine grained yellowish groups and 
at times aL yellow drops. These cells do not «wver later. At the place 
of transition to the parts of the leaves which, protected by the wr h, have 
become green, colorless, swollen and also light green chlorophyll grains 
'which^ later partly turn green may be found at the place of ‘ransitipn o the 
jmrtions of the leaf, which, protected by the earth, have become gfeen. 

« BxperimentalphyBioIogle. p. IM- 

i ™ - ^»e„. ms, p. St. 



With the action of sudden cold, lasting for several hours, Habeftandt' < 
found that a noticeable change occurred at a temperature of minus 4 to' 6 j 
degrees C. and only at minus 12 to 15 degrees C. does the destruction of the . 
chlorophyll grains become complete (with the exception of those in ever- 
green plants). With the formation of vacuoles there was produced a ex- 
tortion of the form of the chloroplasts which were either passing over into 
the position along the side walls (apostrophe) or were rolled up in lumps, 
Of these the ones inclosing starch grains were destroyed more quickly than 
those without starch. In the leaves 0/ Vicia odorata no difference could be 
perceived in the destruction of the chlorophyll, dependant upon the age of 
the leaf. 

We will touch upon this subject again under autumn coloring. A 
yellow leaved condition in spring is found often in pears growing in nurse- 
ries, as the after effect of frost disturbances. 

The grape is very susceptible to icteris. Different factors have been 
recognized here as the cause. In the cases observed by Mach and Kiirmann^ 
in the Tyrolean vineyards, the analyses of green and icteric vines, growing 
close together, showed: 

Water Content of the yellow leaves 77-97 Pf cent. 

Water Content of the green leaves 73 *7 per cent. 

Based on dry weight, th? green leaves possessed a higher percentage of 
organic substances and of nitrogen, but considerably less .ash. The ash of 
the yellow leaves contained six times as much of the elements insoluble in 

hydrochloric acid as did that of the green leaves. On the other hand, there 

was less potassium in the former. Watering with liquid stable manure 
acted beneficially. A similar case is described by E. Schultz“. The leaves 
and woody portion of the diseased vines contained only half as much potas- 
sium as those of the healthy plants, which were found, however, to be 
poorer in calcium and magnesium. Besides this icterus due to a lack of 
potassium, a jaundice of the grape, resulting from an excess of calcium, has 
been determined by numerous observations. It seems to me that the amount 
of calcium in itself is not the injurious factor, but chiefly the lack of potas- 
slum, since calcium soils, as a rule, are poor in potassium. We will return 
to this case in the section on the excess of calcium. 

Nitrogen starvation is also a frequent cause. This, differing from the 
phenomena due to a lack of other nutritive substances, does not manifest 
itself in the death of the plant in an early stage but only retards the growth 
and reduces all the organs to a minimum. 

The oft repeated experiments with the cultivation of non-leguminous 
plants in nutrient mi.xtures without the addition of nitrogen have shown* 
that under otherwise favorable conditions, with certain races, a new min- 

\ 1 Haberlandt, Uber den Einfluss des Frostes auf die Chlorc^byllkdrner. Cflterr. ^ 

6ot. Zeit Cit, Jahresberlcht, 1876, p. 718. - 

'' 2 Bledermann's Centralbl. 1877, p. 58. 

, 8 Zeitschr. d. landwlrtsch. Centralver. fUr das Grossherzogtum Hessen. elL 

Centralbl. f. Agrikulturchem. 1872, p. 89. 



^l[ure plant can be produced from a seed, developing even to the production 
ibf a few blossoms and new seeds. The entire nitrogen content of the whole 
plahti however, does not in this case equal thjit of the original seed. It is 
evident from this, fact, firstly, that the plant is not in a condition to make 
usp^rough its leaves of the nitrogen from, the air m quantities worth 
‘meaning; secondly, however, we perceive that nitrogenous substance 
stored up in the seed enables various individuals to run through their whole 
developmental cycles, that is to say, to perform all the life-processes, in a 
minimum compass. This demonstrates.furlher that the 
the seeds is easily mobilizable and capable of transportahon, indeed, that the 
same molecule may probably be utilized more than once for the same pur- 
pose in the construction of the cell cytoplasm. A consideration o the 
Lwth of plants, with a lack of nitrogen, indicates such a condition, for it 
U found that the lowermost leaves are exhausted to the amount of grow 
of the tip of the stem and begin to dry. beginning at the edge. O'- ^'^e tip. 

In L rapid convertibility and capacity for transportation o the n.tro- 
.■ pen a lack of this nutritive substance occurs very rapidly and manifes 
ftself in jaundice. In our cultures such cases can also nccur, if ^uPP ^ 
of nitrogen in the soil is still abundant but not in a form for 

special requirements of the definite plant under cultiva ion. The best e 
^ I • found in our sugar beets, to which, besides stable manure, nitrog 

r::- .. * 

able for gram and potatoes. difference in effect secured 

An older note has already pointed to the ditte ^ 

according to the form of nitrogen prov^ ^yjfate twice as great an ammonia 
that in beets fertilized with fertilized’ with s odium nitrate, 

content was a yellow color can be caused in beet leaves 

It is a well-known fact > ^ characteristic example. 

by drought alone so that wv n d especially in the 

nort hern pa . . mli schwefelsaurem Ammontak geelg- 

hervorzueufent Vortrag. Blatter r 



phenomenon appeared in June after a longer period of intense drplij^t atftj 
became widesprea<l-especially in sunny positions and on light SMls, whilrfi 
r^ons with a damp, sea climate showed the disease only slightly. The sugar: 
content of the slowly growing beet Was from 2 to 3 per cent. less than that 
of healthy specimens. 

By a survey of the individual cases just cited, we are led to the ctw- 
viction that icterus is one of the most widespread symptoms of disturbed 
assimilation. No conclusion as to any definite cause has been furnished aS 
yet, however, in the. occurrence of j|iundice. 

h. Changes Due to a Lack of Phosphorus and Sulfur. 

The distribution of phosphorus in the various parts of the plant, de- 
termined earlier by Ritthausen’s ma^ro-chemical studies, was proved later 
micro-chemically by Lilienfeld and Monti, as well as by Pollacci*. The 
last found that, in general, the cell walls are free from phosphorus while 
the proptoplasm, and especially the nucleus, with the chromatin bodies, con- 
tain this element in abundance. Among the aleurone bodies the ciystalloides 
and globoids likewise contain phosphorus. .The proteins depend especially 
on the amount, of phosphoric acid at hand and a lack of it will make itself 
felt especially in the blossom buds and in the maturing of the seed. Accord- 
ing to Nobbe’s cultural experiments*, phosphorus does not seem to play any 
part in the formation of the chlorophyll pigment; — the foliage of oaks which 
had stood for three years in nutrient solutions, free from phosphoric acid, 
was still green. In other plants Nobbe ultimately observed that a deep 
orange red color appears in the leaves and petioles. There is no production 
of any new dry substance, or only a small amount. Moller’ observed in 
.the needles of his pine seedlings a blue-red (dull violet) colqr due to a lack 
of phosphoric acid. In two-year old plants the violet color tended more to 
olive brown. , 

In the reports on discoloration phenomena, which set in with a lack of 
various nutritive substances, the results obtained with one plant species 
cannot be applied to a different species, since discoloration is not every- 
where the same. In regard to phosphoric acid, I found that when plants of 
beets, peas, and seradella were grown without phosphoric acid they dried a 
gray green when they had previously been a faded green, but not yellow, 
while, with a lack of nitrogen, the same species turned a pure quince yelloW/; 

Nobbe found a somewhat better development with a lack of sulfur in' 
the nutrient solution, yet his experimental plants scarcely attained half thfi' 
normal height and the yellowish green leaf blades exhibited a correspond- 
ingly scanty development. The starch was scanty and small grained. Cell) 
divisiA was considerably impaired. The forming of fruit either did n(^! 
take place, or only very scantily. I 

1 FoUacci, G.> Sulla distrlbuzlone del fosforo nei tessuti vegetal!. 

Vol. Vni. Clt. Zeltschr. t. Pilanzenkrankb. p. 299. ' , 

2 Ddbner-Nobbe. Botanik fUr Forstinknoer. 4th Ed., p. 817. % > 

s Karenzerschelnungen etc. Zeltschr. f. Forst< u. Jagdweaen, 1904, p. 748 v 
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Changes Due to a Lack of Oxygen. 

Genehal Phenomena. 

■ It IS to k assum^ as well known that, with the cessation of the supply 
of o%e^ Ae protoplasmic currents gradually come to a standstill (oxygen 
Hgor 4 Kuhne‘ observed that in an atmosphere of hydrogen the motion in 
he stamen hairs of Tradescantxa mrginica stopped after 15 to 20 minutes. 
Wortmann“ found that the parts of plants® air free from oxygen respired 
at first exactly as much carbon-dioxid a# those with an unimpaired supply. 
Later a difference made itself felt in favor of the latter plants. Like the 
gradual cessation of the cytoplasmic currents, this gradual retrogression in 
the amount of carbon-dioxid with the exclusion of o.xygen {intramolecular 
respiration) indicates that the oxygen stored in the plant body is consumed 
at first. Death from suffocation, therefore, takes place slowly, especially 
since the' green plant with sufficient illumination still decomposes carbon- 
dioxid and water and thus forms oxygen for some time. Bbhm’ detected a 
small, amount of oxygen in the volume of gas evolved when he enclosed the 
green leaves of land plants in an atmosphere of hydrogen with sufficient 
illumination. 

Aside from the cases which have been observed already in the divisions 
on "Loamy soils” and "Too deep planting of trees,” we will consider a few 
occurrences of bad aeration as a result of closing the lumina of the ducts 
forming the main water system. Such stoppage is especially serious for the 
sap wood*. With Bohm* we may picture to ourselves the process of aera- 
tion as follows; There is not only a difference in pressure between the 
outer air and the diluted air inside the ducts, but also a difference in con- 
stituents. The enclosed air will give up its oxygen in the respiratory pro- 
cesses more rapidly and take up the carbon-dioxid produced. This is either 
soaked up, by the filling of the ducts with water, and carried off in the rising 
sap current, or, since it penetrates the moist walls rather easily, is given out 
ia a radial direction by diffusion. The new and necessary oxygen which m 
lesser amounts may also enter through the roots with the air rich in oxygen, 
(Bssolved in the water, will, nevertheless, under normal conditions get into 
.the plant mainly through transverse conduction. It diffuses more easily 
dhrpugh moist walls than does the nitrogen of the air, because water absorbs 
Ifcmore abundantly than it does nitrogen. Since now the oxygen within the 
Slant body is utilized most but is also most easily capable of moving from 
to part, there results a prevailing diffusion stream of oxygen from with- 

tnit inwards in each horizontal plane of a trunk. 

r ■■■ 

» Hntersuchungen Uber das Protoplasma. 1864, p. 89 and p, 108, 
r *'4 ■Wprtmann. fjber die Beziehungen der intramolckularen zur normalen At- 

itUng. Inauguraldisscrtatlon, Wttrzburg, 1879. 

BSlan, Cber die Respiration von LandpHanzen, Sltzungsber. d. Kals, Akad. d. 
ttnneaach: In tYlen, Vol. 87 (1878). 

Eltvlng, tJber die ‘Wasserleitung im Hoize. Bot. Z. 1882, No. 42. 

BtUim J tfber die Znsammensetzung der In den Zellen und GefUtsen des 
enthaltenen Lurt Landwirtsch. VersucbsslAtionen Vol, XXT, p, 873. 
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Wiesner* made further obser>dhiotis on £ra^ exchange. He shows 
the periderm, the cork covering, is completely impermeable to air even 
great differences in pressure. The exchange takes place only through the 
lenticels which are permeable even in winter. In wood free from ducts the 
equalization takes place through the cell walls, especially through the deli- 
cate pitted walls in which, besides the diffusion, absorption through the col- 
loidal walls comes into effect. In woody bodies, rich in ducts, transpifation 
and the penetration of gases through the ducts, functioning as capillary 
tubes, should also be taken intff consideration. The equalization of the 
pressure takes place more quickly axially than transversely. The more 
turgid a parenchyma or wood cell is, the more slowly does the equalization 
of the pressure occur. This relation is reversed in the periderm cell. If it 
incurs the loss of its aqueous contents and is filled with air, whereby its wall 
becomes dry, the cell loses its permeability for gases. In parenchyma 
which conducts air, a part of the air flows through the intercellular passages 
during the equalization of the pressure, another part passes through the 
closed membranes and, indeed, most easily through the places which have 
remained unthickened. 

A statement by Mangin* throws light on the processes taking place in 
trees, with poor soil aeration. He found that the ducts in Ailanthus were 
filled with tyloses, and, in explaining the process, states that, correlative with 
a lack of air in the soil, a deficiency in the supply of air in the ducts takes 
place. Consequently the air in the ducts becomes diluted beyond the opti-^ 
mum and the tyloses of the adjacent cells push into the tube of the duct and, 
on their part, also hinder the conducting of water. 

In regard to the influence of a lack of oxygen on seeds, Bert’s’ investi- 
gations should be considered first of all, according to which germination 
progrjsses more slowly in a lesser air pressure. Many years ago Corti’ 
observed that a dilution of the air had an arresting influence on the cyto- 
plasmic currents. Since, however, with a normal air pressure and only de- 
creased 'oxygen content, germination takes place more slowly and, con- 
versely, with a lowered air pressure but increased supply of oxygen the 
seeds germinate more rapidly, it is evident that even the partial pressure of 
the oxygen alone is a decisive factor. 

In the phenomena due to lack of oxygen, opportunity is again offered 
of pointing to the fact that sudden changes are more disturbing than, gradual 
changes. Stich“ found that in an atmosphere poor in oxygen the normal 
respiratory quotient is recovered by decreasing the absolute amounts of oxy- 

df 

1 Wiesner, Versuch Uber den Ausgleich dea Gaadruckea tn den Geweben der 
Pflanzen. Sitz. d. Kiris. Akad. d. Wissenach. zu Wien ajn 17 April, cit. ln,Oe»terT. 
Hot. Zeit 1879, p. 202. 

z Manxin, Influence de la rarefaction produite dans la tige Bur la formation 
dea thyliea gommeuses. Compl. rend, 1901, 11, p. 306. 

3 Bert, Rechercbes ekpOrimentales eur rinfluence que lea changementa danaj^ 
presslon baromOtrique exercent aur lea phOnomOnea de la vie, Compt, rend 

et LXXVII. ■%' 

4 Meyen, Pfianzenphysiologie, 1838, II, p. 224. M 

3 Stick, C., Die Atmung der Pflanzea bei verminderter SaueratolfapanaUfls 

und bei Verletaungen. Flora, 1891, p. 1, 



g& and carijon-dioxid. With a gradual removal of oxygen, intramolecuter 
respiration is aroused only with a considerably lower percentage of oxygen, 
than it is when the oxygen is suddenly decreased. 

The discovery that phenomena of suifocation occur also in seeds if their 
tissue is entirely filled with water is of great value to the practical worker. 
Usually when seeds are soaked they get the water necessary for germination 
without having all the air pressed out of the intercellular spaces. If, how- 
ever, the seeds are kept too long in water, decomposition sets in, in which 
often a distinct ordor of butyric acid, a result of bacterial decay, becomes 
very evident. In the same way experiments, like those of just* •• , for example, 
show that when air has been removed hy a pump from the tissues ordinarily 
containing air and the space filled with water, the percentage of germi- 
nation is very greatly reduced. 

When seeds have been put in layers on top of each other while damp, 
it is not the excess of water, which so quickly destroys the germinating 
power, but the excessive heating and formation of carbon-dioxid. Wiesner* 
found also that the carbon-dioxid is developed later than the heat. Hence 
its development is not the only source of heat; this is to be sought also 
in the absorption of water. The seed, coming in contact with water, con- 
denses it as it enters the tissues and thereby frees heat. 

That aK excess of oxygen is just as injurious as a lack of it, is natural. 
Bert found that the oxidizing processes in plants are arrested by too high a 
tension of the oxygen. A mimosa died at 6 atmospheres in common air, hav- 
ing lost its irritability because of a lack of oxygen. If the air was made 
richer in oxygen, a pressure of 2 atmospheres was sufficient to cause death. 

The Brusone Disease oe Rice. 


The unusually dreaded brusone disease which manifests itself by the 
appearance of ru.sty spots in the leaves together with a blackening and 
drooping of the blades, has often been the subject of earnest study, ever 
^ince Garovaglio in 1874 began investigating it. The majority of investi- 
gators considered the phenomenon parasitic. Some thought it necessary to 
assume bacteria to be its cause, and some held various fungi responsible,— 
among others, Piricularia Oryxae Br. et Cav. 

Recently, however, Brizi* has made comparative cultural experiments 
from which it becomes evident that an exclusion of air from the roots in 
high temperatures in water cultures induces disease of the plants with the 
phenomena of the Brusone disease. With these experimental results agree 
very well the discoveries which have been made in Italy and Japan. It has 
been especially observed that the Brusone disease usually appears if com- 
pact, only slightly pervious soils are heated greatly and a rapid change of 
l^perature sets in. There then follows an affectibn of the root which 


* * Landwirtsch. Versuchsstationen, 1872, No. 2, p 133, , . 

•• » Bti*i U Bicercbe sulla maJatti del rlao delta Brusone. Ann. Institute a^ar. 
im. Milano. Clt Zeilschr, f. Pfianzenkranjfh. 1906. 



brings disease* of blades In its train lafef io 

infest the diseased parts. 'T'? - • V 

We consider Brizi's experiments as decisive and think that suffoeation 
of the roots during high temperature, which greatly incr^es the leaf activ- 
ity, is the first impulse to the disease. The soil should be aerated at once.:- 

The Diseases of Gladioli. 

A phenomenon of disease, not rare in cultivating gladioli in heavy soils, 
or on pieces of ground with a lighter soil, but a higher ground water level 
in wet years, may be traced to a lack of oxygen. The disease manifests 
itself in the often sudden death of the plant at a time when the inflore- 
scence is already developed. At first the lower leaves seem marbled with 
yellow (noticeable at first orily when the light falls through them). The 
chlorophyll bodies decompose and leave yellow drops which look like oil. 
While this process advances apparently in stripes between the veins in the 
aerial parts of the leaves, brown, depressed places are, found on the leaf 
bases still below the soil which initiate a complete decomposition of the leaf 
parenchyma. No real weakening takes place, but the decomposition repre- 
sents a process of humification. Bacteria, and often also fungi, small worms, 
mites, etc., are always found in these tissues which smell sour like humic 
acid. The aerial parts of the leaves dry quickly and become covered with 
black pits of Cladosporium and Altemaria. 

Despite the wealth of parasitic organisms present, the disease should not 
be characterized as parasitic, since the first stages, viz., the brown coloring of 
the ducts and of the parenchyma, lying close to them,, are produced 
within the healthy tissue without the co-operation of such organisms. Later 
a number of the duct tubes are filled with a cloudy, brown mass which be- 
(fomes firm tike gum. The latter phenomenon has been observed also in 
other plants, the roots of which were injured by continued moisture in the 
soil and the lack of oxygen thus produced artificially. 

Gladioli like a great deal of moisture in the soil but it should not be 
long continued. In dry years the mistake is often made of watering bulb! 
and tuberous plants every day. This is wrong, the excessive drying of the 
soil must be prevented by' mulching with litter. 


k. Changes Due to a Lack of Carbon-Dioxid. 

Despite the smalt content of possibly .0.036 to 0.040 volume per, cent, 
of carbon-dioxid, which the air* possesses, while consisting of near|y Jtg 
parts of nitrogen and 21 parts of oxygen, it suffices everywhere fbr'a hi^ 
rate of growth ; if this important nutrient substance is entirelyflacking, ^ 
other factors of growth are without value, even in a most favor:d»l? cPS|; 
bination, as may be Sbserved experimentally by placing vessels of c 


1 According to Jolly's investigations (cit. in Forsch. a. d. Gebiete der , 

turphysik. 1S79, p. 325) the oxygen content of the air varies not Inconsldd 
(between 20.B3 and 20.86 per cent). The largest oxygen content is found 
prevailing polar current and the least with a prevailing equatorial current 




bcU'j&rs, CorcTiwindcr^ fmin/i «u * i.^ j « 

develop further i„ ,V free t Zl 

the while the tiitrogen content was just as Urge. Hvdtogen and ash • 
had undergone a slight increase. "Rohm* found in leaves of the scarlet 
runner bean, cut off from the plant during growth, from which the starch 
had been removed by darkness, that these leaves not only formed roots 
from the petioles in full daylight and in an atmosphere containing carbon' 
dioxid, but also increased in breadth even if they were watered only with 
distilled water. On the other hand the seedlings of the scarlet runner bean 
grown in distilled water and exposed to the action of full daylight tinder 
bc||'jars with caustic potash showed only an increase in length up to lo cm. 
while the stems shrivelled below the primordial leaves which as a rule were 
free from starch. Seedlings of the scarlet-runner bean which had been 
grown in garden soil rich in humus but were robbed of all but a small 
amount of their starch by weak illumination, did not form any new starch 
but went to pieces when later strongly illuminated in an atmosphere robbed 
of its carbon-dioxid. Therefore, the carbon-dioxid in the soil and the other 
favorable conditions for growing were of no value. Godlewski* found that 
the starch also disappeared in plants exposed to full daylight if the carbon- 
dioxid of the air was kept from them. 

A further insight into the method of growth of plants from which the 
carbon-dioxid of the air had been removed is given by my own experiments". 
Young cabbage plants were left in a 0.5 per cent, nutrient solution, part 
under bell-jars with caustic potash, part under others without caustic potash 
and the remainder left Tree between the bell-jars. After ten days the har- 
vest yielded: — 

BelUJars Bcll-<ars 

Uncovered plants with Potash without Potash 

Plant No 

•®rresh weight of root and 

^ stem 

FV^sh weight of leaves 
Upper leaf surface In 

square cm 

Total dry weight 
• Percentage of the fresh 
weight in dry weight 13.4 
Total evaporation In 

grains 

Ehfhporation per gram 
dry weight 

t The«table shows that the production in fresh and dry weight was the 
finallest ut^er the bell-jars with potash. The absolute amount of evapora- 

t- 1 RMtecheB cWmiquea sur la v#gMatlon. Fonctions des teullles, Compt. rend, 
t, uam 1*75, No. 20, p. 1159. , 

k . »^Sous8lngault,'V6g6tatlon du Mays, commence dans une atmosphere excempte 
f£dlde caxbonidue. Compt. rend. Vol. LXXXIl. No. 15, p. 788. 

9 M5hin, in Sitzungsber. d. WIerner Akad. 187$, cit. Bot Zelt. 1878. p. 808, 
S;^.4 SibUographlBche Berichte tiber die Publlkatlonen der Akademle der Tlssen- 
jphaftcQ in Eraukau. Part I, cit. Bot. Zeit. 1876, p. 838. 

1’^;. I ^rauer. Studlen hber Verdunstung. Forschungen auf dem Geblete der 
jl^jnAtdturphyslk, Vol. Ill, Parts 4 and 6. 
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I. 

IT. 

III. 

IV.' 

/ 

V. 

VI. 

' 'vn. 

viit; 

IX.' 

0.457 

1.598 

0.367 

1.494 

0.414 

1.564 

0.470 

1.682 

0.176 

0.765 

0.2306 

1.611 

0.297 

1.736 

0.313 

1.712 

0.232 

1.850 

50.6 

).2755 

47.5 

0.2610 

50.1 47.3 25 4 

02.685 0.2760 0.0760 

26.6 

0.0985 

50.4 

0.1706 

54.1 37 1 

0.1740 0.1766 

13.4 

13.5 

13.5 

12.8 

8.4 

7.9 

8.1 

8.6 

8.4 

69.3 

74.4 

82.5 

76.0 

27.4 

34.4 

43.1 

40.4 

43.3 

251.5 

296.4 

307.2 

271.7 

360.6 

349.2 

252.8 

232.2 

246.3 



tion is greater or less according to the amount of newly produced dr^uW 
stance ; it is smallest in the plants under the bell-jats witS potash. , Naturaljy 
the effect of the bell-jars, i. e., the humidity prevailing under them, is to 
be taken into consideration. This factor manifests itself, when compared 
with the uncovered specimens, by the lower percentage of dry weight in 
the plants, i. e., by a loose structure and longer petioles. 

If the specimens from the bell-jars containing pota.“h are compared 
only with those of the other bell-jars, the result is more certain. The lack 
of carbon-dioxid manifests itself most by the lessened total production, 
especially in the leaf apparatus; the upper surface is only about half as 
large. The most striking effect is the amount of evaporation, which is cal- 
culated per gram of dry substance present. This is greatest in the plants 
deprived of the carbon-dioxid supply. The same condition is found iudhe 
calculation of the evaporation per square centimeter surface in the plants 
grown under both conditions. This fact should be associated with the re- 
sults of other experiments, according to which it is evident that the amount 
of evaporation increases also in plants which lack other nutritive substances. 
If, for example, plants from a normal favorable nutrient solution are placed 
in one of too low concentration, or in distilled water, evaporation is in- 
creased ; it increases also in seedlings after the removal of the organs con- 
taining reserve food, the cotyledons. It may be assumed that the plant 
must force itself to a greater transportation of water through its roots, i. e., 
to a greater one-sided kind of labor, in order to meet lesser amounts of re- 
serve substances contained in the solution due to their increased absorption 
by the roots from the surrounding soil. 

For practical work, the above investigations suggfest an attempt to in- 
crease production by Increasing the supply of carbon-dioxid. Experiments 
actually show that a much more rapid formation of starch is obtained by 
increasing the carbon-dioxid. In many plants an increase up to 6 to 8 pet 
cent, was possible. Of course, a different absolute quantity of carbon-dioxid 
is necessary for each plant and in the same plant for every other combination 
of the vegetative factors in order to obtain an optimum production. The 
strengthening of the vegetative processes by the addition of carbon-dioxid 
manifests itself in the more compact growth and thicker leaves'. 

While previous experiments have taken up the results of a lack of car- 
bon-dioxid for the whole plant, Vochting® tested the behavior of various 
branches, which were left on the normally growing plant, but transferred 
to an atmosphere free from carl)on-dioxid. It was found thereby that eath 
branch and leaf must be maintained by its own work and that their lift 
activity gradually dies away if this w'ork is prevented by a lack of carbt^ 
dioxid. The plant can, indeed, develop further the branches in thfi |tma» 
phere free from carbon-dioxid, but the leaves on these branches are a fad*^ 

' ■ »„ '.f: 

1 Peodoresco, E., Elnflusa der Kohlenstlure auf Form und Struktur der Pflans^ 

Cit. Centralbl. f. A&rikulturchemie, 1900, p. 1S7. • 

2 Vdchttng, H., fiber die AbhftngJgkelt des Laubblattes von senler Aesli^. 
lationstdtigkelt, Bot, Zeit. 1891, Nos. 8 and 9. 
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green and form no starch. They also do not recover, if the branch is 
brought bgck to air containing carbon-dioxid, but go to pieces after a short 
time. It thus becomes evident that each leaf has its independent existence 
and that any disturbance of it cannot be adjusted by the organism as a 
whole. The organ which has become functionless is thrown off from the 
body. 

B. EXCESS OF WATER AND NUTRITIVE SUBSTANCES, 
a. Excess of Watf-r. 


MOISTURF.. 

The phenomena of yellowing and decomposition connected with stag- 
nate water have been considered when discussing the disadvantages of heavy 
soils. We are thus concerned here only with proving by example, bow an 
excess of water, like a lack of it, retards production. Thus Stahl- 
Schroeder’s' experiments with oats in sterile sea-sand to which the nutrient 
solution had been added, gave the following results. With the addition of 
water there were produced : 


% of the 
entire water 
capacity 
of the sand 



Weifrht o( 

straw and 
chaff 

s 

Medium 

length of 
the plants 
(*m. 

Ash 

rj 

rboH- 

phorlc 

acid 

% 

Nitni- 

ffen 

% 

35 

84 

15.5(calculatecl) 

6.2 

49 



8.762 

50 

1723 

21.6 

73.9 

102 

2.92.3 

1.444 

2.916 

70 

2074 

18.5 

101.8 

140 

2.712 

1.09f) 

2.601 

90 

1827 

16.3 

115.0 

157 


1.207 

2,407 

95 

469 

U.l(oalculated) 

90.8 

162 

5.892 

1.847 

8.444 


Thus only the vessels containing a medium amount of water yielded a 
good harvest in grains. With a larger water content, the harvest of grains 
tell, while the yield in straw increased. With a lack of water in the sand 
(35 per cent.) and with an excess (95 per cent.) none of the grains ripened. 

• The poorer the growth of the [Hants, the greater their percentage of ash con- 
tent, and wealth of phosphoric acid and nitrogen. 

C 1 . 0 GGING OF Drain Tii.f,. 

Wherever flat lying drains extend through the root systems of perennial 
plants, an unusually luxuriant root growth may stop up the drains. The 
long whip-like, very slender and comparatively thin roots lying side by side, 
like cords, in this way form mats ten or more meters long and as thick as 
the width of the drain allows. -The most dangerous tree seems to be the wil- 
low for most of the drain mats seem to be formed by it, yet all plants may 
form similar root-growths and Magnus= once found, for example, the 
rhizome of the borse tail {Equisetum palustre, L) growing very luxuriantly 
in such a mat. Cohn= found a drain mat which came from a pipe laid 125 


2 

a 


:. Biederniann's Centralbl. t. Asrikulturchem. IMS. Part 2. 
jtzunffsber d Bot Vereins vom 26 Mai. 1876. Vol. XVIII. p. 72. 
erh. IT schles. Geaellsch. f. vaterL Kultur. 25 Oktober. 1883. 
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cm. deep and was formed entirely from the ramifications of the root of a 
single Equisetum from which a piece i2 meters long could be separated. 

Miiller-Thurgau experimented with roots from one plant, putting some 
in a nutrient solution, others in distilled water; each experiment showed a 
stronger growth in the solution. These experiments showed that root 
growth increases locally when the roots reach places containing food sub- 
stances. 

If the drain mats return after removal, it is advisable to take out care- 
fully both trees and roots by uprooting and not by chopping down. If the 
trees must remain it is better (especially with double lines of drainage) to 
lower the surface laid pipes (as a rule between 8o to 90 cm.) to the level of 
the pipe system lying deeper (1.5 m.). 


Sprouted Grain. 


In the phenomena to be cited here which are connected with an e.xcess 
of water, injury is caused either by the fact that water from outside acts 
mechanically on the tissues at an unsuitable time, or the water taken up by 
the roots cannot find utilization and be carried off in corresponding amounts. 
To the first group belongs grain sprouted on the field during the harvest 
because of rain. The disadvantage is the greater in this instance, since the 
sprouted kernels can neither be used for nutritive purposes nor are they 
suitable for seed. Of course the germinalive capacity for subsequent use 
as seed decreases according to the amount the kernels have sprouted. 
Ehrhart' found that the weakness and thus the mortality of the seedlings 
increased as their development had already advanced because of the pre- 
mature sprouting. We owe to Marcher and Kobus“ thorough investigations 
of the changes in the seed due to sprouting. The former investigated barley, 
half of which was harvested uninjured, but the other half was left standing 
for almost 14 days, wet through by rain. The differences were shown by a 
determination of the elements soluble in water, for they amounted to the 
following in 


Sprouted 

Soluble starch 1.17 per cent. 

Dextrin 0.00 per cent. 

Dextrose 4.92 per cent. 

Maltose 7.32 per cent. 

Other soluble substances... 5.23 per cent. 


and in well-hartrested barley 
1.76 per cent. 

I. to per cent. 

0,00 per cent. 

3.12 per cent. 

5.64 per cent. 


18.64 per cent. 11.62 per cent. 

We thus see that the vigorous diastase action has resulted in a very 
abundant sugar formation from the starch and dextrin. The starch con- 
tent had fallen from 64.10 per cent, to 57.98 per cent., because of the 
sprouting. If the kernels arc used for making starch, the great amount of 


. 1 Deutsche landwirtsch. Presse, 1881, No. 76. 

2 Aus Braunschwelger landw. Z., 1882. No. 22, clt. in Biedermann’s Centralbl. 
f. Agrlkulturchemie, 1883, p. 323. 
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diastase would now presumably convert more starch into dextrin and sugar, 
when softened, and result in appreciable losses in manufacture.' The great- 
est changes due to sprouting, however, are found in the nitrogen-containing 
elements of the grain. While especially the ammonia content had remained 
unchanged (nitric acid was not found in quantities worth mentioning in 
either of the two kinds of grain) the soluble proteins had decreased to a 
great extent, the insoluble to a lesser one. This decrease is explained by 
the relatively great increase of the amides. Thus, in sprouting, first the 
soluble proteins had been consumed in the formation of the amides and 
later even a part of the insoluble ones. 

Kobus arrived at the same results in his investigations of sprouted 
wheat, whose gluten content had decreased from jo to 25 per cent. This 
fact explains the well-known loss in hoking quality of a flour made from 
sprouted grain. 

The germinating capacity in the experiments carried out by Marcker 
had fallen from g8 per cent, to 45 per cent. 

It thus becomes evident bow worth while are the great efforts which 
must be exerted in any case to make possible harvesting the gram while 
dry Similar losses may befall other field crops as well, as, for example, 
lupines, rape, beet roots. Tbe cases in which the seed germinates inside the 
fruit without being noticeable externally are interesting but not of importance 
agriculturally. I found such cases in pears, apples, melons, and pumpkins. 
Other observers found the same phenomena in oranges, as well as pumpkins, 
and indeed in other fruits also which had remained very long on the trees, 
and in that which had only colored late, rurthcr statements on tins subject 
may be found in the section on germination interrupted by drought. 


The Rupturing op Fi.kshv I’arts of Pi.ants. 

Fleshy roots, stems and fruits frequently crack open in long periods of 
dampness Among vegetables, kohlrabi, carrots and j.arsley suffer especially^ 

Hallier' proved that the rupturing, is due to Ve ^art 

hanging parsley roots in water he found after three days that all the part 
whiA wL in the water had cracked open. Boussmgault obseraed the 
rupturing of cherries, mirabelle plums, pears, grapes, 
the fruits had hung in water. I obtained the same results by imbedding 
them in wet sand. Of hcrbaceou.s stems, those of rape crack open very 
(redy shortly before the time of blossoming. The figure here given shows 
the change in a bean, which 1 had planted too deep m wet sand. In July, 
*882 in Proskau, I found ruptured potato stems and Beta vulgarts roots 
At that time a very rainy July had followed a dry spring after a smal 
amount of winter moisture. The phenomenon was apparent at first on light 
places in the soil and in the best developed plants. I found similar cases 
b rls and in plum seedlings, which had been taken from the sand and 
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placed deeper in a nutrient 
solution than they had been in 
the sand. The base of the 
stem split in those specimens 
previously exposed to the air. 
In the souring of crops in 
fields planted with horse 
beans, peas, vetches, etc., 
the base of the stem is rup- 
tured at times above the 
places where the (rotted) 
roots arise, and it is found 
that a spongy, loose tissue 
protrudes from the tom place, 
as in the bean here illus- 
trated. 

All these phenomena have 
one characteristic in common 
— that they are initiated only 
when, after a considerable 
jx'riod of normal develop- 
ment, or still more after a 
previous dry period, an un- 
usual supply of water is given 
suddenly. If the plants are 
in contact with water from 
the beginning of their de- 
velopment, they adjust them- 
selves to their surroundings. 
The same adjustment can be 
observed especially in those 
varieties which develop in 
water a.s well as on dry land. 
Levakoffski’s* experiments on 
Epilobium hirsutum, Lycopus 
europaeus and Lythrum serve 
as e.xamples. The compari- 
son of water and land speci- 
mens shows that in the water 
plants, two rows of colorless 

1 Levakotfskl. De I'influcnce 
de I'eau sur la croissance de la 
tige etc. Cit. Bot. Zelt. 1875, p. 696. 


Fig. 42. Bean plant split at the base as the result of excess 
of water. The torn place has scarred over. 
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cells, free from chlorophyll, 3 to 4 times as long they are broad, exist 
between the cambium and the bark parenchyma which are not present in 
the land specimens. This difference becomes greater, when the older parts 
of the plant are compared with one another. Below the surface of the 
water these cell rows become a thick, lacunar tissue Epidermis and bark 
soon go to pieces here. The cells which form this special tissue are de- 
veloped from the cambium. 

The sudden excess of water, which causes the rupturing of part of the 
plant, destroys the equilibrium in the epidermis, or the cork layer present 
instead of the epidermis, and in the fleshy parenchyma body. Especially 
after previous periods of drought, the elements of the upper epidermis be- 
come thicker walled and less clastic and are not able to accommodate them- 
.selves rapidly enough to the swelling inner tissue. 

If the rupturing takes place in succulent organs without any previous 
dry period, due to a long continued supply of water in damp surroundings, 
the torn places, as a rule, differ from those due to drought, in that, in the 
latter, the wounded surface turns to cork or is cut off by a new cork layer. 
In the former, on the other hand, the parenchyma cells, e.xposed by the 
rupture, remain thin walled, at times elongated into pouches and decaying 
easily. Boussingault found that the fruits lost sugar to this excessive water. 
This loss of sugar togetlrer with the increased absoiquion of water may 
explain the watery taste of the fruit after rainy weather. Some blossoms, 
left under water, also lost sugar. On the other hand, in sugar beets, rape, 
in the seedling roots of wheat, barley and maize no sugar was lost although 
the tissue was rich in sugar. 

There is a method of storing ndnlcr af>fi/es which is well worth recom- 
mending, viz., placing the fruit in layers in sand. If the sand is kept too 
moist, a large percentage of the fruit may lose in selling value because the 
skin ruptures. 

Muller-Thurgau' made similar oliservations in related c.xperiments. 
After apples had lain eight months in ho.xcs of earth he found the fruit was 
wet, some of it ruptured, some mealy, and its acid and sugar content much 
lower. The percentage of decaying apples was much less, however, than in 
fruit lying free in the cellar. 

The rupturing of fruits and vegetables, due to storage methods, can be 
overcome by supplying a dry, well ventilated place. In fruit on the tree, 
especially the egg plum which is very delicate, it is advisable in longer 
periods of rain to shake the water from the tops of the trees. 

Finally, attention must still be called to the fact that the tendency to 
rupture can also become hereditary. An observation of this was made with 
cucumbers^ In forcing these, the owner always chose for his seed the 
finest specimens of a variety which ruptured easily, and observed that this 
bad condition manifested itself more abundantly and earlier from year to 

j panlter Jahresb. d. d(,utsch- 9 chweir.erischen Versuchsatution 8U. WftdenBWeil. 

Zurich, 18S6. , 

2 Zeitschr. t Pflanzenkrankh. 1899, p. 183. 
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year. He then plantecUhalf of his greenhouse with the forcing variety pre- 
viously used and the other half with an outdoor variety. The latter gave 
healthy fruit up to autumn, while the half planted with the first variety 
produced ruptured fruit from the beginning of May on. Such observations 
give hints well worth noticing when choosing seed of vegetables which tend 
to rupture. 

The Woolly Streaks in Aeple Cores. 

In describing apple varieties the expression “The carpels of the cores 
rupture,” is found stated here and there, as a characteristic of the variety. 
According to the illustration here given, a condition of membranous carpels 
is said to be indicated in which the inner walls of the core divisions are not 
uniformly smooth and solid, but show a surface crossed by streaks which 



Fig. 43. Cut apple, the core of which shows woolly streaks (w). 

look white and woolly, and extend slantingly from the centre to the outside. 
The phenomenon occurs frequently and is considered to be normal, — which 
deduction I do not care to hold to. Aside from the fact that under certain 
circumstances all the fruit in the same variety does not show such woolly 
streaks and that, in different years, it is developed to a different degree, 
even appearing in isolated cases in varieties which, as a rule, have a smooth 
core, the conditions found microscopically also prove splendidly the ab- 
normal nature of these streaks. 

If a carpel with such streaks is cut through, as shown in Fig. 43 at w, 
the appearance is found as given in Fig. 44. In this the side designated by 
K is tbe inner wall of the core, while F indicates the outer side bordering 
on the flesh of the fruit. In varieties of apples with smooth carpels, the 
inner lining of the core is formed only of such cell elements, as are shown 
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at p. These are very much elongated, extraordinarily thick-walled cells, 
traversed by many, frequently branched canals; they turn yellow with 
chloriodid of zinc. Single layers of such cells may cross one another. Ac- 
cordingly, besides such cells seen in full length at p, ‘the same horizontal 
section also exhibits parts of elements in cross-section q. It is evident that, 
because of the close arrangement of the cells on the one hand and because 
of their very strong walls on the other hand, a very great firmness is ob- 
tained in the core tissue, increased by the transverse course of the cells. It 
is evident further, that in fruits with a larger calyx depression through 
which fungi may grow easily into the core, the spread of fungi, which pro- 
duce decay, is limited by the parchment-like, solid carpels. 





, , ihe lODle due to the excrescence Uesue 

Fig. 44. Rupturing ol the sJrealt. ‘ (Orig.) 

• . I derav is destroyed by the woolly streaks 
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of cell rows elongated and very gradually pass over 

rounding ones because o h and suddenly 

into the tissue of (p) below the places in the core whtch 

cut off from the thick-walled ce threads do 

have remained ,, .J) isolated or lying beside one another in 

short, schlerenchymatous j j„ ,he normal wall. Although these 

mats, recall the elements (p) to he lo 
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thin-walled cell rows approximate more nearly tissue of the fruit in form 
and by the blue coloration from chloriodid of zinc, they still do not corres- 
pond to it entirely. The difference consists chiefly in a wart-lilce thickening 
of the cell wall w which is most strongly developed in the outer cells of the 
thread bunch, but in the inner cells is often only weakly indicated and 
generally is not present at all in the schlerenchymatous elements. These 
cell wall thickenings which push outward and look like buttons, show, with 
the action of chloriodid of zinc either a pale blue color or remain uncolored, 
or even appear yellow. The latter case is found most distinctly in the very 
thick-walled cells (sk) in which the whole membrane is also colored yellow. 
Fig. 44, at the left, is a more strongly magnified section from a cell row of 
the bunch filament. It is seen here that the wart-like protuberances of the 
wall which I would also like to consider phenomena of the swelling of 
various points in a fine middle lamella, often have mushroom forms ( 4 «)‘- 

Thus it should be assumed, that at the time of the chief swelling of the 
fruit, the tension of the tissues in the carpel has become so great, because 
of a sudden, great supply of water, that the connection in the membranous 
tissues is broken in stripes and loosened and the elements now freed from 
pressure, and not thick-walled, extend like pouches into the hollow of the 
core. 

Varieties inclined to have woolly streaks are especially easily exposed 
in damp years to the formation of moulds, i. e. phenomena of decay in the 
core. It is, therefore, advisable to use these fruits quickly. 

The Ring Disease of Hyacinth Bulbs. 

This disease is very serious for growers of hyacinth bulbs. It manifests 
itself by the browning and loosening up of a scale in the midst of healthy 
bulb layers. The decomposition of the tissue progresses from the neck of 
the bulb downwards into the bulb centre. If it reaches the latter, the bulb 
is as good as lost. The disease is often transmitted to the bulblets. All the 
diseased parts become covered with Penicillium, which here has actually 
taken on a parasitic character. The reason for the extremely rapid spread 
of the fungus is to be found in the change of the substratum which proves 
unusually favorable for it. Analyses show especially that the fresh, healthy 
substance of the ring-diseased bulb possesses more sugar than that of healthy 
specimens. The former resemble younger scales in contrast to the older 
ones. Since now a reduction of the sugar takes place with the increased 
ripeness of the bulbs, we shall have to conclude from the greater amount 
of sugar that diseased bulbs are less ripe. 

In fact it may now be proved that by their cultural methods our bulb- 
growers often run the risk of harvesting unripe bulbs. In taking up the 
bulbs, the grower sometimes does not wait until the leaves have completely 
dried up in summer. This holds good primarily where the hyacinths serve 

1 The same or similar phenomena have been observed very recently by various 
scientists. I found them also in the hair-like cells, clothing the interior of beets 
which had become hollow; in the leaf parenchyma cells of fallen oat plants, etc. 



327 

as decorative plants in gardens and public places. There a bed of old 

JnZ'ar* 1 ft r hT ""“Shtlj. Consequently the 

bulbs are lifted and let ripen m another place. The resulting great injury 

to the root prematurely checks the vegetative growth of the bulbs. The 
leaves dry before they have lived out their life and their bases, i.e. the 
scales of the bulbs, remain immature and rich in sugar, thereby forming the 
desired centre for convenient infection by the fungus. 

In the large field-grown commercial bulbs, the supply of fertilizer 
enters into the question, since it is desirable to produce very strong bulbs 
in the shortest possible time. The fertilizer so lengthens the time of growth 
that many varieties have not finished growth at the fixed time of harvest. 
The leaves, still green, then possess in every case unique scales and during 
the storage of the harvested bulbs on the “bulb floors,” up to the lime of the 
autumn sales, Penicillium has ample lime to attack the scales, which remain 
rich in sugar, and to destroy them. It is a matter of course that varieties 
ripening especially late will exhibit this bad condition and the growers, 
therefore, speak of “ring diseased races.” 

The testing of the bulbs is accomplished by cutting superficially through 
the tip of the neck during the dormant period. If the cross-section shows 
a brown riiig between the white scales of the bulbs, these bulbs should not 
be sold. 

Stock suffering from the ring disease can be cured by putting the bulbs 
in sandy soils, not freshly manured, with a deep lying ground water level, 
where, with scarcity of nutriment and moisture, they can ripen early. 

The fact still remains to be mentioned that a phenomenon has been con- 
fused with the real ring disease, which is very similar to it judging from its 
habit of growth’. The cause is known to be a nematode {Tyienchtts 
Hyacinthi Pr.) which can wander into the scales from the leaves. In this 
disease, however, a gall-likc distension of the cells takes place, also the 
formation of cork walls like little islands and other differences, as has been 
described more in detail in the second edition of our manual. 


SPRlKOl.NG or THE BaRK. 

In illustrating the ruptured bean plant (Pig. 42), we noticed that a 
soft tissue mass had protruded through the gaping split in the cracked stem. 
This is the new formation of bark tissue, which may be considered a re- 
action of the organ to the wound stimulus and the decreased tension. Other 
cases, however, occur in which matters are reversed, viz., that the increase 
of bark tissue is the primary process and the splitting, the secondary one. 
Such an increase in growth can arise from different causes. Hartig” con- 
siders one of these to be the increase in size caused by a sudden isolation 
of forest trees. He describes cases of hornbeams in a beech grove, where, 

' Journal de la Soc. nat et centrale d'HortIcuItare de France. April. lS8t. 
'tejrauer, Zur Klarun'g der Frage ttber die Rlngelkrankhelt der Hyacinthen. Wiener 
llluatrierte Gartenzeitung, 1882. April number, p. 177. 

7 Hartig, R., Das Zerspringen der Hainbuchenrinde noch plUtzlIcher Zuwacha- 
stelgerung. Untersuch. torstbot. Inst, Vol. HI, p. 141. 
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after isolation— "the breast high growth, measuring 1.2 sq. cm. in cross- 
section, in a few years increased in cross-section growth to 13.7 cm. ann- 
ually'.” The cork was split thereby in numerous places and resulted in a 
rupturing, indeed, in places it lifted the bark body from the wood-cylinder. 
Hartig found similar conditions in oaks and explained this by a greater 
soil activity, resulting from the isolation and increased action of tight*. 

Phenomena of thi.s kind may be found also in other trees, especially in 
parks and gardens. 

Shedding of the Bask. 

Hartig describes a case in which the splitting of the bark is due to an 

increase in the normal 
growth. I observed a 
splitting and shedding 
of the bark from an ab- 
normal cell - elongation 
in the bark parenchyma. 
In 1904, I found in an 
avenue of elms a num- 
ber of trees standing 
side by side at the bases 
of which a great many 
pieces were perhaps as 
long as one’s hand. 
Upon closer investiga- 
tion, loosely hanging 
strips of bark 25 to 50 
cm. long were found on 
the lower end of the 
trunk, which could easily 
be removed. The trunk, 
thus exposed, was cov- 
ered with greenish tis- 
sue in spots which 
proved to be new for- 
mations of bark. The 
loosened pieces of bark 
(Fig. 45), exhibited on 
the inner side flat, light brown cushions irregularly distributed and differing 
in size and thickness. Having a spongy consistency, they easily gave way 
to the pressure of a finger-nail. Here and there, between them could be 
seen crater-like, harder, small protuberences. The upper surface of the 
cushion was smooth ; it was rough and sometimes woolly in places because 
of prominent, hair-like processes. The part of the bark remaining on the 

1 Lehrbuch cler Pflanzenkrankh. 1900, p. 26f. 

3 Untei’9. Vol. I, 1880, p. 45. 



Fig. 45. Inner surface of a fallen piece of elm 
bark, with cushion-like, protruding tissue islands. 
(Orig.) 
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trw ap^ared a yellowish green and juicy. It consisted of bark parenchyma 
which had originated from a healthy cambium. 

The subjoined Fig. 46 
pictures the bark about to Jc 
be shed. At h is shown 
the old wood; at nh the 
last produced new wood; 
g indicates ducts; c the 
cambium. Next this lies 
the normal, young bark 
which gradually passes 
over towards the outside 
into the broken older bark. 

. In reality the extent of 
loosened older bark is 
much greater in proportion 
to the normal young bark 
than is shown in the draw- 
ing, because of lack of 
space. The normal inner 
bark has a very regular 
structure, in which layers 
of porous bark parenchyma 
alternate regularly with 
flat bands of slender cells 
( 1 ) which might be differ- 
entiated as "wedge-celis." 

These slender cell bands 
would correspond to the 
“pressure wedges’’ men- 
tioned in connection with 
the tan disease. The cells 
forming these wedges ap- 
pear in longitudinal section 
as long as in cross-section, 
nearly colorless, with pe- 
culiar, wide-meshed wall 
thickenings, looking like 
irregular wedges. The 
parenchyma lying between 
every two such thin, slen- 
der bands of wedge cells is 
proportionately large-celled, porous and rich in starch. Deposited in it 
are large, hard bast bundles, (&) with the rows of calcium oxalate crystals 
accompanying it (0) and the cells (si) containing mucilage. 
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rij?. 46. Elm bark with bark cxcreacence. (OriR.) 
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These alternating tissue layers are separated by broad curved medul- 
lary rays (mst) which even in the entirely healthy bark can exhibit a wavy 
course, but in the diseased bark may often be displaced and take a hori- 
zontal course. The sharp curvature is caused by the spreading apart of the 
parenchyma cells which, containing chlorophyll and lying between the slen- 
der bands of wedge cells, elongate into pouches, and for a long time contain 
a great deal of starch. They also press outward the hard bast bundles and 
the rows of oxalate crystals. This great layer of separation is covered by a 
plate cork layer extending irregularly into the tissue and often accompanied 
by full cork (f) and the suberized bark tissue cut off by it which belonged 
to the earlier period of growth (A). The cork layer often curves spherically 
into the pouch-like spongy tissue and forms the hard, crater-like points 
on the under side of the loosened bark scale, which were mentioned at the 
beginning of this description. The process of loosening the bark tatters is 
completed on the boundary between the hard tissue of the suberized cortex 
of the previous year, and the soft pouch-like parenchyma. The upper sur- 
face of the separating cushions appears woolly and rough, or smooth, 
according to whether the pouch-like parenchyma clings more or less strongly 
to the separating surface. 

In the elongation of the parenchyma these out-pushings differ from the 
tan disease in which cork excrescences are concerned essentially, 

von Tubeuf' describes a case of the Weymuth pine very similar to that 
on Ulmus, only no shedding of the bark strips could be observed because 
of the smoothness of the bark. The pine was diseased and covered with 
cushions of Xanthoria parietina. Among these lichens were found blister- 
like processes, of which part appeared to be split and were produced by a 
distention of the bark tissue. The resin ducts were enlarged, the- deeper 
bark parenchyma cells elongated into pouches and poor in chlorophyll. 

von Tubeuf’s statement that he had produced very similar knob-like 
processes on a branch by wrapping it with cotton wadding which was kept 
constantly moist, warrants the assumption that, in the cases above described, 
we perceive the action of a local excess of water. 

The same kind of processes as these in the bark have been observed 
on roots also. Some years ago a serious disease of the grapevine was re- 
ported from near Lindau^. Its effects were similar to those caused by the 
rust fungus, but it could not be proved to be of parasitic origin. The part 
of the trunk beneath the soil and the older roots exhibited tears i to 3 
cm. long from which protruded calluses, white at first but later turning a 
chocolate brown. The lateral roots near these calluses died. The calluses 
consisted of bark parenchyma cells abnormally lengthened radially and 
scarcely connected any longer. The American varieties, scattered among 
the diseased European vines, were found to be unaffected. As is well- 

1 V. Tubeuf, Intumescenzenbildung der Baumrlnde unter Flechten. Naturw, 
Zeitschr. f. Land- u. Forstwirtsch, 1906, p. 60. 

2 Kellermann im Jahresber, d. Sonderausachusses f. Pflanzenachutz. Arb. d. 
Deutaeh. Landw.-Ges. 1892-93. 
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known, the extremely luxuriantly growing American vines consume much 
greater amounts of water. 

Tissue warts of this kind are much more abundant than is generally 
assumed and occur also on decorative plants'. They arc reactions of the 
plant body to a wound stimulus or internal disturbances of equilibrium in 
the supply of water and nutritive substances. 

Watersprouts. 

By the term watersprouts, waterslioots, or suckers, are understood ex- 
ceedingly vigorous foliage shoots with long internodes, which grow up 
perpendicularly from old branches or trunks. Often trunks covered with 
lichens are distinguished by abundant sucker formation. Since the suckers 
grow up into the crown of the tree, they produce wood, and, indeed, un- 
fruitful wood, at the very places which it is desirable to keep free from 
branches in order that sufficient light and air may reach the inner part of 
the crown. It is not advisable, however, to remove the suckers, if the 
cause of their formation is not removed at the same-lime. In many case.s 
the cause may be found in an impervious suhsnil. The roots of the vigorous 
tree reach this impenetrable layer sooner or later, which not infrequently is 
a vein of closely cemented sand containing iron. The absorption of food 
stuffs is limited by this, the tree forms only short shoots and smaller leaves, 
but still bears fruit. In a w'arm and damp spring, when all trees make a 
strong foliage growth, the energy of the weakened tree also appears to he 
increased by the favorable vegetative conditions. The strong upward force 
of the water causes the formation of adventitious buds or stimulates dor- 
mant buds, especially those not too far distant from the central trunk, since 
the upward force of the water and the nutrition is much more energetic in 
a perpendicular direction than in the more inclined position. Hardeners 
know how to turn this to use in growing plants on trellises. The horizontal 
branches on one side of the mam trunk, which are weaker than the corres- 
ponding ones on the other side, are held in a perpendicular position for a 
year. This treatment results in a much greater and more rapid growth 
and development. With the production of water shoots a gradually in- 
creasing inequality in nutrition sets in, at the ex|)ense of the older, more 
horizontal branches which now suffer from scarcity of nourishment. This 
explains the death of the tip twigs of older lateral branches which begins 
with the appearance of the water shoots. One part of the tree starves when 
some other part develops very luxuriantly. 

As has been said, it is scarcely advisable to remove the water sprouts 
during such a disturbance in the equilibrium of nutrition, rather, it is more 
advantageous in older trees to graft them with valuable varieties and, at 
the same time, to saw off a part of the older branches, so that the tree is 
thus rejuvenated. In places where the sub-soil cannot be opened up easily 


l Sorauer, P., bber Boaenkrankelten, Zeltsclir. f. Pflanzenkrankh. 1898. p. 220. 
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the evil can be checked for a considerable number of years by using ferti- 
lizers at some distant from the trunk. The tree in its endeavors to reach 
ihe fertilizer develops a new vigorous root system. Young trees can be 
entirely cured by transplanting. 

It mu.st also be emphasized that the formation of suckers disappears 
of itself from many trees after a few years. This is the case where such 
water sprouts have been induced by an excessive pruning of the tree or the 
sudden dressing of the trunks. In avenues of trees, or along streets with 
telephone wires, and in tree plantations, through which a street or railroad 
lire has been cut, a strong development of suckers is found on the sides 

of the trees toward the 
street. 

In such cases large 
branches are often sim- 
ply chopped off on the 
side toward the street. 
Since the root system 
remains unimpaired, it 
pumps up just as much 
water as before the tree 
top had been reduced. 
By the removal of 
the branches, however, 
there is less consumption 
and consequently dor- 
mant buds are aw^akened 
which mature into slen- 
der shoots, becoming 
water sprouts whose 
buds often sprout even 
in the year of their pro- 
duction. Th. Hartig' 
has observed that these 
premature shoots de- 
velop no basal buds. 

If suckers are pro- 
duced by the sudden re- 
moval df large branches from the crown, their formation may be retarded 
by creating other diverting centers by scarification. In the spring pruning 
of branches, scarifying will, indeed, prevent the formation of the water 
shoots. In the same way, chopping into a vigorous root near the base of 
the trunk at the side where the tree crown has been greatly thinned out, 
will decrease the supply of water and prevent the sucker formation. 



My, 47. Fasciatod branch of Picea excelsa. 
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Fiy. 48. Cro3s-section of the fasciated spruce branch. 

.-I throtiyli the iipiter part of Ihe branch: ./? IhrouBfh Ihe lower part: 
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t Vollstftndige Naturgescbichtc d. forstl, KuKurpflanzeu, p. 176. 
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Union of Parts. 


We may likewise consider as due to local over-nutrition the con- 
dition arisitjg when a cylindrical branch becomes broad and flattened. It 
then looks as if a number of branches had grown together; nevertheless, 
this is only rarely the case, for almost always only a single branch is in- 
volved which, by broadening its vegetative point, no longer has a vegetative 
cone at its apex, but a comb-like vegetative surface’. 

In the illustration of a spruce fasciation here given (Fig. 47) we recog- 
nize the fact that the broadened axis is a single unit, first by the continued 



Fig. 4». Fasciation of Alnuo glutinma. 
iiiitiirnl size. Afivr 


spiral position of the needles, especially at f and and further in the cro^ 

sLions A and B (Fig. 48), of F'*’’ '‘"f''* 

connected, uniform surface, and do not show any possible coalescence of 
many single adjacent rings, as must be the case where fasciation is prod’-ced 
by tL coalescence of many branches originally separated^ This theory is 
not changed by a consideration of the fasciation of the alder ( ig. 49), 
which, besidi the unusually characteristic crook-like bending of the 


1 tlber Pflanzen-Verbanderung. 


Keferat in I3ot Zeit. 1867, p. 232. 
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Ijranches, resulting from a one-sided increase of growth, we can also per- 
ceive the splitting of cylindrical branches from the band bodies which 
occurs more frequently in deciduous trees. Thus the material for many 
axes, which can be isolated, lids accumulated in the fasciated stem, while 
the stem itself is a unit. 

We can speak only hypothetically as to the production of the fasci- 
ations, which are characterized as hypertrophies by the great increase of 
the leaves and cords of the leaf spurs. An axis, which fasciates later, must 
originally have suffered some arrestment. We have seen already in roots 
held fast between split rocks that pressure from two opposite sides may 
give the axis a band-like form. Under certain circumstances such a changed 
direction of growth may continue if the cause of arrestment itself has dis- 
appeared. Thus Treviranus cites an obseiwation on the stem of Tecoma 
radicans which had become band-like from pressure against the wall, but 
still remained band^ike, after it had grown far out over the wall. Here 
the branches, which developed further, also became band-like in places. 

Besides such lateral pressure, in other cases a transitory pressure from 
above may also probably cause a broadening of the vegetative point into a 
vegetative surface, and such pressure can possibly be produced by the ab- 
normal behavior of the bud scales (delayed loosening due to resinification, 
drying, etc.). In case no abnormal increase of pressure occurs, direct in- 
juries to the vegetive tip may cause the increase of the vegetable points. 

If the fasciation has once been produced, it can be propagated by 
cuttings ; even under certain circumstances .it can be proved constant in the 
seed, as is seen in .the favorite garden plant, cock’s comb {Celosia cristata). 
The capacity for fasciation may be presupposed in all plants and actually 
observed cases have been reported in great numbers (150) by Masters'. 
As mentioned already, the fasciated growth produced by a band-like fasten- 
ing together of isolated axes, should be distinguished from real fasciation. 
I.opriore' has produced such cases artificially in roots. 

Compulsory Twisting (Spirausmus Mor.). 

A. Braun’ characterizes by the above name, those malformations of 
the stem which consist of barrel-like distended places in whi^h the grooves, 
extending down from the leaves and representing the vascular bundles be- 
longing to them, exhibit an extreme, spiral twisting. At times the barrel- 
like swelling is so great that the stem splits in the direction of the spiral 
twisting and divides into a number of spiral bands at these diseased places. 
Schimper has named this disturbance in growth "Strophomania.” The ma- 
jority of cases are known in the families of the Dipsaceae, Compositae and 
the Rubiaceae. Single examples are described also for tbe Labiates, 

1 Masters. Vegetable Teratology, 1869, p. 20. (Compare Penzig and the isolated 
cases in the Bot. Jahresberiebten.) 

2 liopriore. G., Die Anatomie bandartiger Wurzeln. C?it. ^eitschr. f, Pflanzen- 
krankheiten, 1904, p. 226. 

8 Sitzungsberlchte naturf. Freunde z. Berlin. Cit. Bot Zeit 1873, p. 11 and 
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Scrophulariaceae, Cruci ferae and, among monocotyledons, Asparagus, 
Lilium, Orchis, Triticum, etc., and also in Equisetum. 

We think it justifiable to consider the compulsory torsion as a fasci- 
ation which has swollen up like a barrel. ' The cases have no agricultural 
significance. 

Differing from them is the increased spiral twisting of normally con- 
structed woody tninks, which we trace to an arrestment of the growth in 
length (usually resulting from a lack of water ami nourishment). 


DsoesY (Okdf.ma). 


a). In Smai.i. Fruits. 


Since the propagation of standard gooseberries and currants by budding 
on vigorous shoots of Ribcs atirfum has found wider distrilnitinn, there has 
been a great increase in the complaints of a disease of tfie stock which makes 
doubtful the success of the budding. 

This disease has been called “dropsy" liy growers and consists in the 
appearance of dosed bark tumors, i. e. of bark swellings entirely covered 
by the outermost cork layers, nr of swellings rupturing later (Fig. 50 /I). 
These swellings of the bark are somclimcs small, but they may reach an 
extent of several centimeters. They are formed either on one side of the 
trunk or surrounding it, spreading into one another. They appear most 
abundantly on wood two or more years old. yet they can also occur in great 
numbers on brandies one year .old and directly cause their death, while the 
wood of the older branche.s may become diseased, to be sure, but docs not 


directly die. 

When, as i.s the custom at present. Ribcs is grafted indoors in the 
spring, rupturing tumors are found frequently directly below the place of 
budding. Tn such cases the bud does not grow. Rut in extreme cases the 
same kind of swellings may also be found further back from this place, on 
the trunk between every two buds, as well as near the buds nr, rather, the 
branches already deveIoi>ed from them. Cases are observed in which the 
base of a shoot left standing on wood one or two years old, has swollen 
up like a barrel and is covered by loose, banging strips of bark. The branch 
above this place is dead. 

As soon as the bark layer, which forms the outer skin of the branch 
and covers this fresh swelling, has split, the swollen place, pushing out from 
under it, exhibits a yellowish, spongy, soft, callus-likc tissue-mass con- 
sisting of cells, elongated to pouches, very poor m contents but rich m 
water (Fig W B s). This is the former normal hark of which the ceMs 
beginning in the region between every two groups of bast cells (Fig. 50 B b) 
have elongated extraordinarily in the direction of the trunks radius at the 
expense of their contents, otherwise rich in green coloring matter. They 
have partially separated from one another, and, by their constant y in- 
creasing extent, have finally ruptured the outermost oldest bark layers 
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(Fig. $0 B e k) which no longer participate in the changes and are sep- 
arated prematurely by the cork layers (i) from the tissue lying beneath 
them*. » 

The full thickness of the bark is not always attacked by the pouch-like 
elongation ; in very severe cases, however, even the cells of the cambial 
region are deformed (c). The wood is no longer normal. Instead of normal 
mature wood, consisting of thick-walled, elongated wood cells and ducts, 



Fig-. 50. Ih'opsy in Ribes aureum. (Orig.) 


with cross walls broken through like ladders, a wood is produced, composed 
of short, broad, comparatively thin-walled, parenchymatous cells (/i p). The 
cross-section (Fig. 50 , 5 ) shows the transition of the healthy side of the 
branch (N) into the dropsical side ; h indicates the normal wood. At 
the time when the layer st was produced^ the disease manifested itself in the 

* Compare Sorauer in “FreihofTs Deutsche O&rtnerzeitung" August 1, 1880, and 
Goschke in Monatsschrift d. Ver. z. Bcford. d. Gartenh, October, 1880, p. 451. < 
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cambfjm and th? result was that, from there down on the diseased side,' 
parenchyma wo(^ (h p) was formed which at the left ended in a medullary 
ray (w). Shll farther towards the left, normal wood was produced at the 
sanie ime, e same difference is found in the youngest bark parenchyma 
' t. ^ great radial elongation of the cells on the dropsical side 

. tV) the hard bast cords (b) are pressed out like bows and the cell rows, 
containing calcium oxalate (o), which accompany the bast body, have also 
jeen correspondingly misplaced into steeply ascending, irregular rows. At chi 
are groups of parenchyma which have remained rich in chlorophyll. It is 
evident that this loose structure of the tissue, rich in water, which forms 
the swelling, has no great permanency. In dry places and with increasing 
dryness in the air, this tissue turns brown rapidly, shrivels, collapses and 
forms a soft, brown mass, part of which remains clinging to the wood, while 
part sticks to the outer bark tatters which roll back in times of drought and 
spread out, gaping, from one another. Such stems of such plants then 
have a rusty appearance and arc best excluded from cultivation. Because 
of the ease with which, such stock can be grown on strong soils, the loss 
from the disease would be less important, if il did not attack directly the 
potted specimens w'hich have been budded and if the number of budded 
plants was not considerably decreased thereby. 

I am not of the opinion, often expressed in general practice, that an 
over-abundant feeding of the plant is to blame, but I think that an excess 
of water makes itself felt in some places on the a.xis. If there should be 
an accumulation of plastic food material here at the same time, it would 
manifest itself preferably by an abundant cell increase. But this is not the 
case. If the cells on the healthy and on the diseased sides are counted, only 
an insignificant preponderance is found on the side attacked. Accordingly, 
an abnormal cell elongation is chiefly concerned here. 

This is explained by the treatment of the Ribes stems during the 
preparation for budding. In order to obtain slender stems, growing tall 
rapidly, the other sprouts, produced at the sides, must be removed and 
even the lateral branches on the young stock must be cut back. 

If now the stock is well rooted, it will grow rapidly in the greenhouse 
and the buds, scantily present because of the earlier pruning, are still fur- 
ther decreased by the fact that the shoots developing from them are cut 
back or entirely removed. By cutting off the branches, the amount of water 
forced up by the water pressure is increased in the main axis and manifests 
itself in a pouch-like elongation of the younger bark cells and in the forma- 
:ion of tumor swellings which finally rupture. 

My attempts to produce dropsy by abundant watering and the rapid 
forcing of well-rooted specimens in the greenhouse, together with a con- 
tinued removal of the developing lateral shoots, gave very favorable results. 

The disease will be prevented if the budded stock is not forced too 
rapidly and the sprouts from the bud are cutting back carefully, but not 



entirely removed. Maurer' has recommended the use of Ribes nigfum in- 
stead of R. aureum for budding stock. However, I have also known of 
cases of excrescences on the axes of the black currant, especially after the 
transplanting of such plants as tend to sterility. 

b). In Stone Fruits. 

It may be foreseen that, with the present methods of culture, phenom- 
ena similar to those observed with Ribes, will also appear in other vari- 
eties, for our fruit trees are becoming more and more delicate, due to the 
great increase in nutrition supplied them. The mass of the parenchy- 
matous branch substance increases constantly in comparison with the 
prosenchymatous tissues. Between unbudded, wild stock, and budded 
varieties there are considerable differences. Direct measurements baye 
shown me that the branches of the cultivated varieties acquire a fleshier 
bark while the wood ring decreases considerably in thickness'. I have 
called this increasing tendency of our fruit trees to form soft, parenchy- 
matous tissues, storing up reserve substances, at the expense of the breadth 
of the jvood ring, "parenchymatosis." 

In special cases this change in development acquires such extreme pre- 
ponderance that diseases arise. I observed such diseases especially in the 
fruit wood of pears which is often shortened up to barrel-like fleshy swell- 
ings : growers call these "Fruchtkuchen." The morbid disturbance con- 
sists either in the shedding of the cork layers and outermost bark layers in 
shield-shaped pieces from the side of the branch,, thus showing a greenish 
yellow callus-like tissue mass, or in the uplifting of the bark itself in stiff, 
crumbly scales, like rings extending almost around the whole branch, with 
similar changes in the tissues. In the latter case, all the branches found 
above such a place are dead. 

If the diseased condition manifests itself in a less luxuriantly developed 
fruit wood, which may be distinguished from the “Fruchtkuchen,” as fruit 
spters, a complete casting of these twigs was often found resembling that 
of the normal dropping of the twigs observable every year in poplars. In 
the present abnormal dropping in pears, the exposed surface was not smooth 
but uneven and woolly, light colored, however, like the cross-section of 
healthy wood. 

A cross-section through a place in the branch which is found in the 
first stages of the disease, shows that the bark has developed strongly on 
one side, especially within the primary bark. Its parenchyma is thin-walled, 
vesiculated in places or pouch-like and extremely porous. 

A comparison of the pith in a branch which has split and in a healthy one 
'-'f equal age shows that the former is one-third larger than the latter, while 
the wood ring is only one-third as wide. Significant structural differences 
are connected with these misproportions. While a healthy shoot shows 

*■ Der Obstgarten, 1879, p. 182. 

2 Soraiier, P. Nachweia der Verweichlichung uaserer Obstbaume durch die 
KuItur. Zeitschr. f. Pflanzenkrankh. 1892, p, 66. 
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normal libriform fibres and an abundantly developed vascular system, t|ie 
wood of the diseased branch is made up almost exclusively of parenchy- 
matous thin cells, between which the vascular cords are deposited. In 
normal trees, under certain circumstances, the weakness of the wood ring 
can be compensated for by schlerenchymatous elements in the bark'. 

The dropsical branches of pears differ from those of Ribes in that the 
wood body is also involved in the parenchymatosis and entirely broken up. 
By the rounding up and dilation of the wood cells, which have become par- 
enchymatous, the ducts are gradually curved, displaced and finally torn. 
Just as soon as the looseriing process has affected the whole extent of a 
fruit spear, or a “Fruch^'chen,” dropping follows. 

The diseased branches came from trellised trees in a well watered 
garden, richly fertilized with cow-manure. 

Even if such extreme cases are less frequent, yet the first stages, con- 
sisting of the widening and excrescence of the medullary rays and the pro- 
cesses of elongation in various groups of bark cells, are often observed. 


Swellings on the St. John’s Bread Tree. 


Swellings often appear as a result of cell elongation and cell increase. 
Savastano- reports thus, for example, of the outgrowths on the branches of 
Ceratonia Siliqua. Conical outgrowtlns, rich in tannin, arc found at the 
tips of the flower stalks, causing atrophy of the blossoms. In an earlier 
study', he describes the production of larger swellings on the St. John's 
Bread tree. On normally developed fruit branches, in the beginning of the 
disease, the fruit falls in the first stages of development and the remaining 
/asal part of the axial cone begins to swell. The repetition of this process 
in succeeding years produces a knotty swelling which can attain a very con- 
siderable size and a height of 0 to to cm. The bark of this hypertrophied 
tip of the fruit twig is often seven times as thick as that on the normal 
fruiting wmod and the wood itself consists of ductless wood parenchyma. 
In the almost pithy bark, the bast fibres have wider lumina and take an 
unusual course. The medullary rays are twisted, the wood ring is often 
bent. In the parenchyma, various cell groups with discolored walls and a 
gummy content are recognizable. From the beginning of the disease, the 
roonin content of the swelling increases, causing a distinct disturbance in 
lignification. 

A case described by Vochting' in Kohlrabi plants may be mentioned 
here If all the vegetative points were removed, the leaf cushions swelled 
to extensive structures. In the normal wood of the axis, as in the leaf 
cushions, the cambium developed thin-walled xylem elements. In similar 


““TUvrirno, T!‘ Sri net coni gvmmarii del carubo. Boll. d. SocleU d. 

& bourgeons (maladle de la loupe) du 
Zuf;xperfmemcneuAna.omie, clL Bot. Jahresb. 1902. 11, p. JOO. 



ex^riments vtWivHeliHnihus iiHAuus Vochting found little tubercles fonned 
on thd roots. I observed barrel-like thickenings of the sharply bent roots 
of sweet chemes. 

The swellings, described by Warburg^ in the branch canker of the kina 
tree on damp soils, may also represent such correlation phenomena. 

Retrogressive Metamorphosis (Phyllody). 

If the organs of a morphologically higher developmental stage seem 
transformed into those of a lower one, we speak of a retrogressive meta- 
morphosis. The change ,in the blossoming organs is pathologically of mo- 
ment only if the sexual apparatus, by changing into a group of vegetative 
organs, loses the purpose for which it was designed and thereby initiates 
sterility. 

These cases are listed under the group of phenomena caused by excess 
of water and nutriment, in accordance with the following theory. The 
development of the vegetable organism depends upon two factors, the con- 
stitution of the organic building materials and the way in which they are 
utilized. With the assumption that the first achievement of the organism, — 
assimilation, i. e., the formation of new dry substance, — takes place in a 
normal way, the development of the plant depends upon the way in which 
this organic building material is utilized. In this we recognize two directions 
which we will keep separate as the vegetative and the sexual generations. 
The latter is initiated usually by the appearance in the organism of an often 
clearly recognizable dormant period in the production of its vegetative 
apparatus. As a rule, new leaves are not formed at this time, the apical* 
• growth of the twigs stops. In place of this the process of the storage of 
reserve building material becomes conspicuous. 

We find this storage process initiated and favored by a decrease in 
the absorption of water with increasing light and heat. An increased con- 
centration of the cell sap is required, if the reserve substances, for ex- 
ample, are deposited in the form of starch. If such a concentration cannot 
be obtained under any circumstances whatever and the building substances 
remain in a diluted form,. — for example, sugar, — only a slight impetus is 
necessary to start up vegetative activity. Thus, a certain antagonism pre- 
vails between the two developmental phases, which we may consider as 
transmissable adaptations to atmospheric conditions. After a cool wet 
period when the plant takes mineral substances from the soil and through 
the production of the leaves causes the chlorophyll apparatus to attain to 
its richest possible development, a warmer, drier period follows which 
makes possible the greatest amount of light. In this period the sexual 
organs are formed from the finished, plastic building materials prepared 
in the leaves and develop further, after a shorter or longer dormant period. 

I Warburg, O., Beitrag zur Kenntnis dea Krebses der Klnabaume auf Java. 
Clt. Bot. Centralbl. 1888. Vol. XXXVI, p. 145, 
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Tte more the plastic material is worked up by, the leaves, the more 
numerous and perfect are the 'sexual .organs formed within this dormant 
period. The manner in which these primordial buds subsequently develop 
depends on the nature of their further nourishment. If inftueuces 
' res ielt which are necessarv for the rtiaturlne of the vec 


ccpcuua ‘•a.w, il. UlllUl>VfV.S.a maVe 

themselves iell which are necessary for the ihatur'mg of the vegetative 
organs, foliage leaves will develop and, indeed, either from the newly 
formed centres or from the already existing primordia of the sexual gene- 
ration. Thus “phyllody” takes place. 

* From our experience in horticulture, we know that an abundant supply 
of nutritive substances with a simultaneous increase in warmth and mois- 
ture usually at the time of fi lesser light action, are conditions initiating 
and 'favoring the process of phyllody. This becomes especially apparent 
in the production of double flowers, in which the stamens are transformed 

into petals. ,. 

Since this process can become hereditary, like all changes in the di- 
rection of growth, where conditions remain equal, and may be ^ncrmti, 
it is evident that we will find examples in which the tendency to the re ro 
gression of the sexual organs into forms of morphologically lower develop- 
Lnt, has affected all parts of a flower, and then the whole blossom 

Of course the influence of the soil is rarely the direct cause of phylWy. 
mu- m her to definite combinations of all the factors of growth, as 

alreldy Srsu^ILmn^fmhlrT^^^^ 

ent ages, leaving only the urematurely. In the younger plants 

Jperrershowedln actual phyllody, since the bracts assumed, more or 

were transformed into results by removing 

had been destroyed by frosb 

TerMlogy has classifie P ,is 

'Vircjcencc," turning green, ^ 1^. 

form in all essentials, but j ^ chlorophyll coloring matter. In 

r::tSttat“^^ -- - 

1888, p. 803. 
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lomorphosis) the organ also approaches the foliage leaf in form. Bracts 
become normal stem leaves, the' sepals are replaced by actual foliage leaves, 
the petals become green and fleshy, the pistils become stamens (staminody) 
or the stamens and pistils assume the character of petals or green, fleshy 
leaf-like structures, as, for example, in the double cherry, the double 
Ranunculus, etc. In mignonette, through phyllody of the ovules, little leafy 
axes can be formed in the urn-like open ovule cases. In the favorite tub- 
erous Begonias, I found that the placentae had grown out of the ovule cases 
and the ovules carried over on to petal-like transformed branches of the 
pistil, etc. 

There are cases in which all the parts of a flower are transformed into 
small, uniformly green leaves, i. e., a complete green flower condition 
(chloranthy) arises. One of the best examples of this is the green rose 
{Rosa chinensis, Jaqu.), received in its time with great enthusiasm, the 
t^nsformation processes in which have been thoroughly described by 
Celakowsky^. 

I would like to introduce here also parthenogensis, which various 
scientists have often proved recently to be of constant occurrence. Kirchner® 
saw in this an arrangement “which, differing from the much more wide- 
spread, spontaneous self-pollination, serves to assure the development of 
seed, capable of germination, in cases where, for any reason whatever 
pollination has become uncertain or difficult.” Even those seed primordia 
can be assumed to be of a somatic character, in which, at the time of the 
production of the embryo sacs, the reducing division is suppressed and the 
egg cell retains a vegetative character. 

In cryptogamic plants Apogatny corresponds to the process of phyllody 
I in the phanerogams. Instead of the sexual products, vegetative organs 
appear here, as in Alhyrium Filix femina var. cristalum, Aspidium falcaium 
and Pteris cretica. It is said that in the last plant, no more female sexual 
organs are farmed at all, but the young plant is produced from a vegetative 
sprout exactly on the places in the prothallium, where the archegonia must 
have stood®. 

Such plants which "produce their young alive” (viviparous) furnish 
abundant material for propagation, just as, for example, the bulblets of 
many lilies, produced by the transformation of a flower. 

The Barrenness of the Hop. 

A special process of phyllody, of great agricultural significance, is the 
barrenness, the blindness, the fool’s head formation of the hop. The names 
designate only different degrees of a malformation which begins with « 
simple, abnormal lengthening of the catkins and develops into the formation 

1 5elakowsky, Beitrage zur morphologischen Deutung dea Staubgefitfses, 
Pringsheims Jahrb. 1878, p. 124. 

- Kirchner, O., Parthenogenesis bei BiulenpHansen. Ber. d. Deutsch. Bot. Ges. 
1904, Vol. XXII. Generdlversammlungsheft. Here also a bibliography. 

3 Noll in Straszburger’s Lehrbuch der Bot. 3894, p. 243. 
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compact fohn of the whole inflorescence and a short, broad form and pa^ry, 
thin consistency of the bracts, as shown in the preceding Fig. 5 1 , Nos. r and 2. 
Half of the leaves have been removed in No. 2, in order to show the short-, 
ness of the joints in the catkin spindle. Nos. 5 and ^ show the abnormal 
excessive lengthening of the catkin, known among growers by the name 
'‘brausche” hops, which must count as the first stage of phyllody. Such 
“brausche” hops are coarse, contain less substance, ripen somewhat later and 
have more herbaceous bracts. Beginning with this condition, the phenom- 
ena of phyllody increase up to the stage shown in No. 5. The green foli- 
aceous leaves, which here become visible, attain at times the size of a nor- 
mal leaf, b is the leaf blade which may be followed back into the petiole. 
At the base of this petiole stand the two green lateral leaflets (»,«) which in 
the present basal part of the catkin are very small, but increase in size up- 
ward. No. d is taken higher up on the inflorescence and shows the lateral 
leaflets («,«) in a size equal to the other bracts, while the leaf body (6) is 
much smaller. The remaining bracts and protective leaves are seen at No. J. 
Each one encloses a flower. 

The scale leaves, which exceed developmentally the other leaves and 
are developed only in the normal female inflorescence of the hop have the 
same bract-like constitution as do the protective leaves, so that the whole 
catkin seems composed of uniformly developed bracts. All the bracts are 
short lived and soon become dry skinned, when they lie over one another 
like tiles. 

The barrenness consists, therefore, of the development of the otherwise 
suppressed leaf blade between every two bract-like leaves. Wide exper- 
ience now shows that damp years' and soils strongly manured with sub- 
stances containing nitrogen cause the more extensive appearance of the 
barrenness. Frequent summer rains, resulting in cloudy days, are often 
injurious, even without directly producing the disease. The cells of the 
leaf, as well as the axis, then elongate and even if favorable harvest weather 
occurs, the catkins ripen only superficially. They are brought into the 
storage rooms while containing much more water of vegetation, thereby 
causing a very rapid heating of the whole heap. Consequently, even in well- 
developed catkins, a rapid loss of the peculiar gloss and the light green 
color takes place, together with a considerable reduction in value of the 
whole harvest product. 

As a remedy for the barrenness, the removal or checking of the causte 
must be attempted, in case these are found in the soil in the form of excess 
of water or nitrogen. If the cause is cloudy, damp air, all means should 
be utilized which further the greatest possible aeration and illumination of 
the hop-plantation. If nitrogen is present in the soil in excess, a subsequent 
fertilization with superphosphate is advisable. 


1 Beobachtunaen iiber die Kultur dec Hopfenpflanze. Published by the Deut- 
scher Hoptenbauverein, Jahra. 1879-82. 
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Forked Growth of Vines. 

It may be noticed in various localities, that different varieties of vines 
assume a tendency to excessive branching and retain it hereditarily. The 
kind of false ramification appears as a forking of the vines and such dis- 
eased plants are usually little if at all productive. Rathay* published the 
hiost thorough observations on this subject and corroborated these state- 
ments in lower Austria. The wine growers there, who call these bronch- 
skk vines "Forks" or "Double tipped" state that the forked formation may 
commence in very different places. The vines which in adjacent 
groups usually begin showing this abnormal direction of growth, 
first develop scattered forked branches and in this way present a “spurious 
forking” as may be seen everywhere in luxuriant vineyards. This initial 
stage of the disease is not dangerous, since the plants frequently return to a 
normal growth. The danger begins with the spread of the disease over the 
whole plant. Correlated with this is the transmissibility of the disease. 
This has been demonstrated in cuttings and suckers of affected vines. 

No cause of this phenomenon can be given as yet with certainty. 
Rathay was convinced that parasites were not present. The opinions of 
practical workers disagree greatly. Some think that exhaustion of the soil 
by intensive grape culture is the cause, while others are of the opinion that 
a clogging of the soil due to heavy rain storms or to the working of the 
soil during and soon after rain has an injurious effect. 

In my opinion this disease is a phenomenon of turning green — vires- 
cence — i. e., a morbid increase of the vegetative development. 

Kaserer’s’ statements favor this hypothesis. He states that the first 
evidences of the disease are found in the transformation of the covering 
bract of the tendrils into a small leaf, the most advanced stage in the trans- 
formation of all the tendrils into leafy shoots. In grape vines, the tendrils 
are axial organs, of which the development depends upon the amount and 
constitution of the organic building materials present. In younger vines 
they become herbaceous shoots, but in older ones develop into inflorescences 
at the lower buds. If all the tendrils are transformed into leafy shoots 
the vegetative development will predominate, a morbid condition. The 
building material present is wrongly utilized. The cell sap necessary for the 
formation of the sexual organs is not properly concentrated. Thus far it 
is possible to agree with Krasser’, who speaks of a diseased condition of 
the protoplasm in certain regions as a cause of this herbac eousness. 

If Krasser, referring to the works of Kober and Gaunersdorfer (1901) 
insists that no disturbances in conduction and no lack of nutritive sub- 
stances can be assumed as causes of the "herbaceousness,” which represents 


1 Sithay, Emerich, Cber die in Nleder-iisterreich aJs "GaWer’ Oder "Zwiewlp- 
flAW’ hpkflnnt«»n Reben, KlosterDeuburg, 1883. 

2 KSe?€rH ttber die sogenannte Gablerkrankhelt des Weinstocks. MIttelL 
d. k. k. chemisch-’physiol. VersuchsstaUon lOoBteriieuburg, 1S02. Part «. 

s Tfrajwpr Fridolin tJber eine eigentbmliche Erkraokuny der Welnatdcke. II, 
Jahre8bTv;r. d. Vertreter d. angewandten BotaniK. 1995. p. 78. 
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only a metamorphosis of scattered buds into leaves, but that a very local 
affection of the cells of some buds is present, this does not upset at all 
our theory of phyllody. It is a matter of course that the formation of each 
organ takes place under definite nutritive conditions. That these change 
constantly and are the product of the momentary combination of all the 
factors of growth has been emphasized already ‘in the introductory chapters 
of this edition. It is still far from possible to determine these combinations. 
For the present, we have only scattered observations on this subject, — that, 
for example, an excess of potassium and nitrogen in relation to the con- 
sumption of the other nutritive substances one-sidedly increases the vege- 
tative activity at the expense of the sexual development. An excess of 
water with a relatively scanty supply of light can in a similar way influence 
the direction of growth. VVe cannot determine how these disturbances in 
equilibrium are produced individually for the formation of each organ, 
whether momentary arrestments in the absorption or transportation of the 
nutritive substances form the cause. 

We can, therefore, state only very generally that phyllody is produced 
by a preponderance of the direction of growth producing green leaves as 
against the mode of growth favoring the sexual organs, The so-called 
"changelings" or spurious forkings, are plants which are still partially 
fruitful. Among the conditions favoring the tendency to phyllody, Kaserer 
cites unfavorable positions on which drainage water collects from higher 
lying ground. Healthy plants set out in a group of affected plants are said 
to fork rapidly. Superphosphate seems to favor a return to fruitfulness. 

We consider the replacement of diseased plants by healthy ones of 
varieties which withstand a more abundant supply of water and heavier 
soils to be the most advisable mode of procedure. The so-called aggregations 
of forked plants might be improved by drainage and the addition of sand 
together with that of calcium phosphate. 

Falling of the Lka\es. 

The falling of the leaves, the normal result of age', is of pathological 
significance only because, under certain ^ circumstances, it can appear 
prematurely. 

The causes which may lead to such premature dropping of organs 
are of different kinds, and extremes of weather may give rise to it. Ac- 
cordingly, the phenomena could be treated in different sections of this book. 
Nevertheless, we prefer to consider here the processes of loosening as a 
whole, because they are connected with changes in the tissues, in which in- 
creases of turgor occur decisively, after the organs, for any cause whatever, 
have become functionally weak. In regard to the falling of the leaves, for 
example, Wiesner^ differentiates the falling of the leaves into a summer 

r Dingier, II., Versuche und Gedanken zum herbstlichen Laubfall. Ber. d. 
Deutschen Bot. Ges. Vol. XXIII (1905), p. 463. 

2 Wlesner, JuL, Ber. d. Deutschen Bot. Ges. Vol. XXII (1904), p. 64, 316, 501. 
Vol. XXIII, p. 49. 
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falling, faUing due to growjth, foiling due to J,oat and falling due to frost. 
PieSer' gives us an insigiit Into the diversity oi the causes. “Such ahasten- 
ing of the leaf-fall is brought about, for example, by insufficient illum- 
ination, also by an insufficient water provision and by too high a temperature. 
Not infrequently, however, a premature shedding of the leaves is caused 
especially by the sudden change of external conditions, which for perti- 
nent reasons concern first of all the older leaves." As examples of the 
injurious influence of a sudden change in the amount of transpiration, 
Pfeffer cites the sudden lotts of leaves in plants as soon as they are brought 
from the moist greenhouse air into a dry room. Shaiq) changes of temper- 
ature, illumination, etc., can act in the same way. 

V. Mohl" has studied the anatomical processes very thoroughly. 

The shedding of leaves is accomplished by the formation of a trans- 
verse parenchyma layer at the base of the itetiole, as a rule within the leaf 
cushion, and, in fact, usually where the cork of the hark pas.ses over into 
the epidermis of the petiole, and in the interior of the ixthilc tissue, which 
is produced by a special cell division. The cells of this layer sc]>arate from 
one another in one plane. 

V. Mohl calls tlic zone in which the layer of separation is formed, the 
"round-celled layer,” because it consists of vciy short parenchymatous 
tissue, which toward the leaf body gradually passes over into the elongated 
cells of the petiole, but is shar|)ly defined on the side toward the hark of 
the twig. 

In very many cases, a cork layer formed of plate-like cork cells, sep- 
arates the green hark of thcbranrli, rich in chlorophyll and starch, from this 
short-celled parenchyma of the round-celled layer of the leaf cushion which 
usually contains no starch, and very little rholorophyll and turns brown 
at the base at the time of leaf fall. Schacht^ considers this cork sheet, 
which, at the sides, passes over into the inner cork layers of tlic bark, to he 
the cause of the shedding of tlie leaves. In fact, it may be assumed that if 
a cork layer be shoved in between the tissue of the bark and that of the 
petioles, the food supply of the leaf is imjtoverished and the leaf gradually 
goes to pieces. Nevertheless, the cork layer is not the cause of the leaf 
fall, for V. Mohl has shown that it is not formed in many plants which 
cast their leaves. Thus, for example, no cork layer can he found in ferns 
with deciduous fronds ( Polypodium, Pavallia) further, in Gingko hiloba, 
Fagus silvatica, some varieties of oak, (Itmus camfestris, Morus alha, Frax- 
inus excelsior, Syringa vulgaris. Alropa Belladonna. I.iriodendron tuhl>ifera 
‘etc. On the other hand, the cork layer is formed in Populus cunadeiuts and 
P dilatata, Alnus glutinosa. J'uglans nigra. Daphne Mcaereum, Samhucus 
racemosa Viburnum Laniana, Lonkera alpigena, Vitis v^mfera. Ampe- 
iopsis quinquefolia. Aesculus macrostachya, Pavia rubra and P. htea, Acer 


das Abfallen der Blitter herbelfuliren. ^t. Zeit. 1860, Nos. 1 and 2. 
3 Schacht. Anatomie and Physlologie, II, 
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platanoides, Prunus Padus, Robinia Pseudacacia. The cork layer should, 
therefore, be considered only as a protective layer for the bark tissue ex- 
posed by the falling of the leaf, often developed before the leaf has fallen. 

The real layer of separation, in fact, is formed above the cork 4ayer 
in the' almost isodiametric parenchyma of the round-celled layer, not in the 
brown-walled portion bordering directly on the cork, but in the adjacent 
healthy portion, of which the walls are light colored. There, shortly before 
the leaves fall, a zone is found running obliquely in front of the bud toward 
the outer side of the petiole and composed of young, delicate tvalled cells with 
intercellular spaces containing less air. Small starch grains are found in 
these cells which otherwise do not occur in the enlarged end of the petiole. 
In this newly formed tissue-zone, the cells separate from one another with- 
out tearing, but by rounding oif, as Inmann^ has observed. One part re- 
mains attached to the petiole as it breaks off, the other to the leaf scar 
where it soon dries up. The leaf-fall, accordingly, is a vital act, not a me- 
chanical one. Before the leaf falls, vascular bundles take no part in the 
changes undergone by the cell tissue of the swollen end of the petiole. These 
^extend through the round celled layer and the cork layer without changing 
their organization, even without turning brown. The cleavage in these 
'■•'kes place in a purely mechanical way after the split has extended through 
the parenchymatous tissue. 

In many plants (Nuphar, many monocotyledons, herbaceous ferns®) in 
which there is no cork formation on the leaf scar, its outer dried cell layers 
nass over directly into the healthy bark parenchyma and are thrown off 
during later development. 

V. Bretfeld® arrives at the conclusion that the process of abscission of the 
leaves is the same in monocotyledons and dicotyledons, only the shutting off 
of the abscission surface differs in different genera. An essential difference 
lies, however, in the time of the formation of the tissue zone in which the 
separating layer is produced. While in dicotyledons, the process of ab- 
scission is the product of living activity, taking place shortly before the 
leaves fall, this process in the tree-like monocotyledons, orchids and 
Aroideae is exhibited as an act prepared by the primordia of a definite 
layer and advancing with the general tissue differentiation. 

The loss of leaves occurring in conservatory plants of the her- 
baceous and bushy Begonias, of Cistus species and many Mytaceae and 
Leguminoseae from New Holland must be mentioned in discussing leaf 
fall due to an excess of water. The upward force of the sap is increased 
excessively by an abundant watering of the plants at the time of minimal leaf 
activity. The cleavage surfaces of the falling leaves at times are ^ery 
mealy, due to the loosened cells of the abscission surface. 

1 Bot. Zeit. 1850, p. 198. 

2 v. Mohl, tJber den VernarlningsproBess bei der Pflanze. Bot. Zeit. 1849, p, 646. 
p. 645. 

3 v. Bretfeld, tJber den AblGsungsprozess saftiger Pflanzenorgane Bot. Zeit. 
1860, p. 273. 
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Leaf Casting Diseases. 

The leaf casting diseases form the most significant case of premature 
dropping of the leaves. We speak here in the plural, although it is custo- 
mary generally to call a sudden dropping of the needles of young pines 
“leaf casting.” All plants can “cast their leaves" which are capable 
in any way of pushing off their dying leaf apparatus. The only concern, 
then, is whether the leaf body in its entirety suddenly becomes functionally 
weakened, or even functionless. It is only because it appears so uncom- 
monly abundantly among pines and is accompanied by severe results that 
the dropping of the pine needles is cited especially often for “Leaf Casting. 

This form of disease manifests itself most frequently and severely in 
seedlings two to four years old, the needles of which suddenly become 
brownish-yellow or brownish-red in the spring and fall after a short time. 
The considerable spread of this phenomenon dates only from the general 
change in the cultural methods; instead of sowing the seed and of the 
Femel management, the raising of plants in seed beds has been introduced. 

Since that time it has been observed that in the months from March to 
Mav, often within a few days, great areas of seedling plants look as if thw 
had been burned. In this, however, it can be noticed that young plants 
protected by a not very close conifer forest, or one of mixed trees, or, m 
nurseries protected by trees of an earlier seeding, do not cast their needles, 
while exposed areas in the open or in enclosed places arc extraordinarily at- 
tacked by the disease. Specimens with pruned nxits suffer more than those 
with long, vigorous ones, while plants on wet soil s.uffer most intensely. 
Mountain plantations are less attacked than those on plains and a northern 
exposure seems to be almost entirely spared, while a southern or western 
one suffers greatly. 

The disease does not appear every year, but generally only after we , 
cold winters with but little snow, and alternating sharp « 

cast their needles most extensively if dry springs, March and April, are 
distinguished by bright warm days followed by cold nights. 
phenomenon occurs in stripes or spots. It has been obse^ed ' 

D’ants protected ffom the noonday sun by neigbbonng woods, etc general 
[y did not become diseased. Plants in seed beds, which were left covered 

in ,1. ,i» .1 

f dC 

did not develop the disease, while others where the broom plants had 

"■ : 

Wry experimental station, made for several years, showed that in March 

•nd A?ril the soil temperature down to iK meters was scarcely more than 
Vol. I. P- 251. 
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5 degrees C., while the air temperature in the shade not infrequently was 
higher than 19 to 22 degrees C. Such differences in temperature between 
the air and the soil result directly in the excessive transpiration of the aerial 
parts of the plant, while the roots kept in a state of inactivity because oLthe 
cold soil, are incapable of taking up the soil water, or not to the amount 
necessary to replace the aerial loss. Thus the young pines dry up even 
when the soil is abundantly w'et. 

The greater the difference between the soil and the air temperatures in 
direct sunlight, the more abundant and devastating is the leaf casting. On 
the other hand, the more frequently conditions arise which raise the soil 
temperature, such as warm spring rains, or which prevent a greater lowering 
of it, i, e. masses of long unnielted snow or of mulch, the less the disease 
appears. This lessening of the disease will take place also if the temper- 
ature of the air and the intensity of the sunlight are decreased as, for ex- 
ample, by a very cloudy sky, by a position on northern slopes, or under 
the protection of larger trees, high grasses or bushes, or by the artificial 
screening of the seed beds during the day. 

That older plants suffer less often from leaf easting is explained, in the 
first place, by the more strongly developed wood which in all jdants may be 
considered as a water reservoir; in the second place, by a more abundantly 
developed, deeper reaching root system, which possesses more organs for 
absorption in its greater number of fibrous roots. 

Holzner' has raised an objection to this theory. In leaf casting, dis- 
coloration appears within 2 to 3 days, while, in an actual process of diydng, 
the pine needles redden only gradually. He considers the cause a direct 
effect of frost. It is a well e,stahlished fact that frost will also cause leaf 
casting. Baudisch- protected seedlings by a brush covering one meter deep 
above the surface of the soil. The plants which bad remained healthy until 
the protection had been removed then suffered from the April frosts. 

Many. authors ascribe an injurious influence to autumn frosts®. The 
theory most generally accepted at present considers the disease to be para- 
sitic and, accordingly, recommends that it be treated with fungicides. Ac- 
cording to V. Tubeuf’s'* experiments, it cannot be doubted that there are 
also cases of parasitic leaf casting®. However, the fact must be taken 
into consideration, that the fungi of leaf casting arc present in abundance 
on older pines, firs, spruces and larches, without calling forth the specific 
phenomena. Therefore, unless some conditions especially favorable for the 
much dreaded juvenile disease are present, it cannot become epidemic. 

1 Holzner, Georg-. Die Beobachtungen iiber die Schiitte der Kiefer Oder Fi^hre 
und die WinterfRrbung immergruner Gcwachse. Freising, 1877. Here bibliography 
of 145 studies on leaf casting. 

2 Centralbl. f. d. ges. Forsipvesen VII, 1881, p. S62. 

3 Alers in Centralbl. f. d. ges. Forstw. 1878, p. 132. Ndrdlingcr ibid p. 389. 
Dammes and others, Jahrbuch d. schles. Forstvereins 1878, p. 40 ff. 

* V. Tubeuf, Studien uber die SchQttekru-nkheit der Kiefer. Arb. d. Biolog. Abt. 
am Kals, Gesundheitsamt. Part II, 1901. 

5 Cf. Vol. II, p. 268. 



All these statements as to the factors causing leaf casting agr^ in 
mintaining that the needles fall because they have become weakened 
tectionally or still are normally weak as a result of the winter’s rest. 
Moreover, the abscission process depends upon the development of the cleav- 
age layer which presupposes living activity and an increased turgor. Thus, 
there arises an antagonism ; the leaf organ is not at the time in a condition 
to function as a normal center of attraction and consumption. Because of 
its anatomical structure the basal part above the region of the subsequent 
cleavage can be excited and it is prematurely brought to the development 
of this cleavage layer by the increase in turgor, which arises in the spring 
due to exposure to the sun, or has been retained from the previous year, 
and finds no equalizaion since even the inactive lamina of the leaf do not 
take up the water from if. This disturbance in the eijuilibrium of the turgor 
distribution is the cause of all premature dropping of the leaves. 

In the special case of the pine leaf casting I think that the contrasts 
described by Ebermayer and, indeed, tlie sharp ronlrartr, represent the 
most frequent cause of the disease. Only in explaining it, I differ from him 
in so far that I accept as cau.se the winter’s inactivity, evident also in the 
constitution of the chloroplasts, instead of the excessively increased evap- 
oration from the needles. Only the base of the needle is excited and de- 
velops the cleavage layer, which, as will be mentioned under petals, can, 
under certain circumstances, be produced in an extremely short time. I am 
of the opinion that the needle does not become dried out, but is pul out of 
action by the cleavage layer. I would like to assume from the absolute 
scanty elimination of water by pines in winter, that a drying of the needles 
resulting from an excessively increased evaporation, is not the cause of the 
discoloration and falling of the needles. An experiment in a water culture 
of one year old seedlings showed me that a pine ceased its evaporation on 
the 17th of November despite following days with temperatures of -f- 3, 4, 7, 
9 degrees C. Up to the 22nd of December they did not evaporate one gram 
more of water, although the root stood in water’. It can, therefore, scarcely 
be assumed that the spring temperature can, in a few days, causd a great loss 
of moisture, more particularly as the pine is a tree species which evap- 
orates the least of alB. 

Since the drying of the needles does not seem to me to be the cause of 
leaf casting, but rather a lack of cquallization in the water supply, resulting 
from the sharp contrast between the needle surface, weakly assimilative, 
and its base, already active, I would like to believe the best preventative 
method to be the avoidance of such sharp contrasts: I, therefore, add the 
proposals made by Ebermayer : — 

A. Increase in soil temperature: (i) due to the prevention of too great 

cooling during the winter by means of leaf, ^rush or moss coverings , (2) 

1 Sorauer, Studlen Uber Verdunstung. Forachungvn aul d. Oebiete der Agrl- 
kulturphyslk, Vol. HI, Parts 4 & B, p. 10. 

8 V. H5hnel, loc. clt. Vol. II. p. 411- 
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by draining wet soils; (3) by loosening and mixing heavy soils with earths 
rich in humus, so that the warmth of the air can penetrate more easily. , 

B. Lessening of sharp contrasts by shading; (r) by brushing the seed 
beds with evergreen boughs, which should not be removed on warm days ; 
(2) by making the seed beds in places which are protected on the south by 
tracts of trees. 

"In the restoration of pine woods, on the whole, the most radical means 
consists in a return from the extensive clearing system to a plan of seeding, 
such that the young plants have the necessary protection from the direct 
sunlight in the overhead wood protection, but can still obtain as much light 
as is necessary for their vigorous development. The same end is attained 
by a slender fringe of trees running from N. E. to S. W., which are much 
used at present in the restoration of the pine tracts. In the cultivation of 
extensive clearings the shading can be obtained by a shelter growth of such 
plants as are favored by the habitat, — for example, by birches, etc., or by 
previous spruce plantations." 

"In cases, where no shelter growth can be arranged because of 
local conditions, the planting of seedlings is preferable (yearling plants with 
a good root system seem best suited for this), yet the first two cultural 
methods will much more surely attain the desired goal.” 

Finally it is well to emphasize that every attention should be given to 
obtaining a good root system ; — accordingly, too thick seeding, heavy, un- 
broken soil, considerable injury in transplanting and the like are 'to be 
avoided. 

A leaf casting occurs also in older trees. The older needle bunches of 
plants standing on moor-soils in misty depressions, or found in localities 
subject to extreme frost, fall prematurely. But, in the autumn, these hang 
to the trees, turning yellow or drying up, and arc thus distinguished from 
the_ seedlings specifically diseased with leaf casting. On heavy soils the 
pine always dies easily'. 

Leaf-Falc in House Plants. 

Among the most delicate of the house plants belong the azaleas, be- 
cause, as a rule, they suddenly drop their leaves in summer or in the 
autumn ; the broom-like little tree then at best develops only a few pitiful 
flowers. Here too are concerned sharp contrasts occurring suddenly. Either 
the plants (usually set in moor soil) in summer are left too dry, and later 
watered very abundantly, or they are brought too suddenly into the warm 
house in the autumn. In both cases, the leaves are weak functionally and 
then their functioning is increasingly stimulated by the increased upward 
pressure of the water. If the transition is brought about gradually, the inac- 
tive leaf surfaces would have time to resume their normal action by a general 
slow increase in their turgidity and there would be no resultant injury. 

1 Runnebaum, A.. Das Absterben und die Bewirtschaftun^ der Kiefer im S^an- 
genholsalter uaw. Zeitschr. f. Farst- u. Jagdweeen, 1892, p. 48. 
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cumulated, thus causing the development of the cleavage layer. 

In foliage Begonias, rubber plants, camelias and many others, the 
leaves begin to drop in the autumn and winter. Here, the leaf is in a 
natural, dormant state. Abundant watering in a warm room causes an up- 
ward current of water which the leaves cannot utilire. 


Here are briefly a few of my own observations. A Begonia fuchsioi- 
des which had been forced through the winter in a warmer room, was 
brought at the end of March into an unheated, but sunny room. Within a few 
days it dropped all its leaves except the youngest ones, l.ibonia floribunda, 
which had been kejft very cold, was suddenly brought into a greenhouse in 
December for forcing. The plants dropped all the older leaves, while 
plants remaining in the cold retained theirs. Some specimens of a double 
white fuchsia were brought into the house in the autumn in order to get 
early shoots for cuttings. Other specimens of the same variety were left 
in the cellar until the bc-ginning of March. At this time the tips of all the 
plants were set as cuttings in a bench with 25 degrees C. soil heat. After a few 
days the cuttings, from the plants in the cellar, lost their leaves up to the 
very tips, while the others had not even lost the leaf at the cut surface. The 
tips of one branch, taken a few days later from a cellar plant, were placed 
in sand in' the cellar, without any especial care and were found in May to 
have rooted, while the tips from the cellar plants had gone to pieces in the 
warm case. 


For house plants it may be recommended as a fundamental principle 
that the plants should be subjected gradually to other vegetative conditions, 
and the dormant period, upon which every vegetative plant enters, should 
not be interrupted by an increase in the supply of heat and moisture, 


The Dropping of the Fi-Owerinc Organs. ■ 

This process takes place in the same way as that of the leaves'. The 
composite axes of the inflorescences in Aesculus and Pavia are knovrti to 
separate into their individual parts, which loosen from one another with 
smooth cleavage surfaces. In the same way, if many fruits are set, a num- 
ber of half-grown ones are often abscissed to a joint in the fruit stem. 
The staminate blossoms of the Cucurbitaceae are abscissed at the cleavage 
layer formed on the boundary between pedicel and blossom, those of 
Rieinus communis in a line of separation, produced at a joint lying in the 
lower part of the peduncle. The hermaphrodite blossoms of HemerocaUis 
fuha and H. flava, left unfertilized, are abscissed by a cleavage layer ex- 
tending under the .base of the blossom through the upper part of the ped- 
uncle. The cells of the cleavage surface round up and separate from one 
another. 


1 V. Mohl, H.. Uber den AblOsungsproaese aaftiger Pflanzenorgane Bot. ZeftlSSO, 
p. ITS. 
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In the same way a fully developed cleavage layer is found in the sepals 
of Papavcr somniferum, Liriodendron tulipifera, at the time they fall; in 
the falling parts of the calyx of Mirabilis Jalapa, Datura Stramonium,- in 
the petals of Dasa canina, Papaver; in the single corolla of Lonicera Capri- 
folium. Rhododendron ponticum. Datura Stramonium; in the stamens of 
Lilium bulbiferum and L. Martagon, Dictamnus Fraxinella, Liriodendron; 
in the stigma of Lonicera Caprifolium, Mirabilis Jalapa and Lilium 
Martagon. 

In the majority of cases, the cells of the abscission layer contain no 
starch, or at least no more than does the surrounding tissue, while, in the 
leaves and thick sepals and petals of Liriodendron abundant starch is pres- 
ent. This lack of reserve nutriment is explained by the rapid formation of 
the cleavage layer in the blossoms, for which the momentarily transportable 
nutritive substance is sufficient. In the sepals of Papaver somniferum the 
cleavage layer is produced in a single night, in the petals of single roses, 
in the hours of an afternoon. While cell increase seems to occur in the 
cleavage layer of leaves, it can hardly take place in the petals. The pro- 
cesses there visible consist only of a more abundant protoplasm, an in- 
creased porosity and mutual separation, due to a rounding up of the cells, 
and, at times, a pouch-like enlargement of the cells, whereby the cleavage 
layer looks velvety. The appearance of the cleavage layer is delayed as the 
organs are better nourished. 

The Shelling op the Grape Blossom. 

By the term "shelling” or "falling” the winegrower means the dropping 
of blossoms soon after blooming. In some regions the phenomenon returns 
annually while, in other localities, it appears only in isolated years, as, for 
example, in those when wet, cold weather destroys the blossoms. Accord- 
ing to Miiller-Thurgau's' investigations, with a low temperature at the 
time of blossoming, the cells of the stigmas were beginning to turn brown 
even before the blossom sheaths fell, which indicated death or at least 
an extensive retarding of the process of pollination. Actually, on such 
stigmas the pollen grains did not develop pollen tubes at all, or only 
poorly. The dropping of the petal cap took place very slowly or was en- 
tirely suppressed. The ovule cases of such blossoms remained for some 
time, often actually for a long time, but they scarcely enlarged at all. How- 
ever, since, according to Muller’s discoveries, ringing of the vines is usually 
beneficial, the low temperature cannot be the direct cause of the incompleted 
act of pollination and the failure to mature the seed. The dull, cool weather 
during blossoming is especially favorable for the growth of leafy shoots, 
which, on this account, require the material stored up for the development 
of the inflorescence, so that the nutrition is not sufficient for the blossoms. 
Such a starving of the blossom cluster and, consequently, a more or less 

1 Mtiller-Thurgau, ttber daa Abfallen der RebenblUten und die Entstehuog 
kernloser Traubenbeeren. Der Weinbau, 1883, No. 22. 
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extensive shelling of the blossoms will occur also with weather iavorahle 
for blooming, if abundant nitrogen is present in the soil, or if virgin soil 
with an abundant supply of nutrients and water is used for the cultivation 
of grapes, when the luxuriant development of the vegetative organs limits 
the further development of the sexual apparatus. 

In fact, Muller gives examples of such cases and, at the same time, 
states his experience, viz., that sometimes fertilization has helped over- 
come the evil, and sometimes a long incision in the vine accomplishes the 


same end. 

Muller also ascribes to the same causes the appearance of seedless 
grapes on the bunch, which, as a rule, is correlative with a partial shelling. 
The seedless grapes are larger than the unpollinated seeded ones which, at 
times, remain on the bunch even until autumn. The seedless ones, however, 
are not as large as normal, seed bearing grapes, although, like them, they 
color and become sweet. Indeed, it is evident that they ripen earlier and 
become sweeter than the grapes with matured seeds. 

Since the seed primordia in the seedless grapes do not seem much 
larger than at the time of blossoming, it must be assumed that some dis- 
turbance had taken place at that time. It is probable that, in such cases, 
pollinization had taken place, but that either a temporary lack of suit- 
able nutritive substances, or some other disturbance, prevented the further 
development of the egg cell. The stimulus, e.xcrcised by pollination on the 
walls of the ovule cases is present and the grape consequently develops. 
Since, however, it does not need to use up any of the nutritive substances 
flowing towards it in maturing the seeds, this grape at first exceeds develop- 
mentally the grapes containing seeds. Weighing seedless and seeded grapes 
proves ^hat the seed, in maturing, functions as a centre of attraction to 
material. Miiller-Thurgau' found that the weight of the fruit flesh of too 
berries of Riesling was 

Seedless With i Seed With 2 Seeds Normal, with 4 Seeds 
25.0 g 5l>'2 g 77-2 g II2- g 

As examples of the differences in the material development, the results 
of an experiment hy Miiller with Riesling may be cited here. 

1000 berries on the 25th of September showed 

Seedless • a weight oi 208.9 g- 

Ltaining seeds , , .a weight of 846.0 g, sugar 9.77%. 

On the I 2 th of October 

Seedless a ^ 

Containing seeds ... - a weight of 898-7 g- sugar 

In regard to the effect of ringing, an e.xperiment showed that the non- 
ringed vines bore only unfertilized grapes, which fell soon, while the bear- 


14.7%, 

12.3%, 


acid l(i.2fo 
acid 24.2% 

acid it.O^ 
acid 15.79b 


1 MUller-Thurgau, Einfluss 
Traubenbeeren und Kernobst. 
Zurich, ISSS, p. 63e 


r Kerne ant die AosWldlng des Fnichmeisches bet 
1. Jahreebericht d. VerBuohsaUt, WWenswell. 
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ing vines, which were ringed shortly before blossoming, furnished com- 
paratively long bunches with an extremely large number of seedless berries, 
between which were found only scattered normal ones. 

This formation of seedless grapes is a great injury, under our present ' 
conditions, since the prematurely ripe grapes shrivel before the general 
vintage until all the juice is lost, and drop off or decay; they, therefore, are 
wasted. If, on the other hand, this degeneration is increased, it may be 
termed an advantage. Probably our currants and Sultana raisins, among 
which only scattered berries with seeds are found, are the products of 
plants in which ‘a seedless condition of the berries has become the rule. 
In other localities, cuttings of the currant grape are said to bear grapes 
with seeds. 

Eger‘ gives some advice well worth considering. He studied the in- 
dividuality of different varieties of grapes from many points of view and 
found that certain plants of the same variety always ripen their berries 
earlier and that many, under otherwise similar conditions, show a lesser 
tendency to the falling of the bloom, which, especially in Riesling, is very 
considerable. Accordingly, in each nursery and vineyard those individuals 
should be labelled which are notable each year because of their favorable 
development, and only from these should cuttings be chosen for propagation. 

Other processes are found in our stone fruit trees when grown for 
trade. If the wood is thinned too much, i.e. too many leaf branches are 
cut away, in order to furnish light for the blossoms and young fruit, the 
buds, blossoms and young fruit may be dropped. By the sudden decrease 
of the evaporating leaf surfaces, an increased root pressure sets in for the 
other organs, which cannot take up the increased amount of water. Cleav- 
age of the abscission layer results. The dropping of the organs can natural- 
ly be initiated by other causes^. 

The Sheoding of the Young Fi.owf.k Clusters of Hvacinths. 

Many shipments of hyacinth bulbs from different growers have shown 
me that the shedding of complete but undeveloped flower clusters is not of 
rare occurrence. The uncolored, otherwise perfectly healthy flower clusters, 
still rather short, may be lifted from entirely healthy bulbs with fully de- 
veloped, often excessively elongated foliage. In the very luxuriant variety 
Baron Van Thuyll (originated in Holland) I found yellowish areas on 
otherwise normally developed leaves and these areas were slightly swollen, 
even split here and there. The flower clusters were strong, perfectly 
healthy, perhaps 8 cm. in length, with an equally long, perfectly healthy, 
almost colorless stalk. 

The stalk had separated from the base of the bulb and the cells of the 
former were found to be swelled up more or less ascus-like. This swelling 

1 Eger, E., Untersuchungen iiber die Methoden der ScMdlingsbekMinpfung 
und iJber neue Vorschldge zu KuUurmafsregeln fur den Weinbau, Berlin, P. Parey, 
1905, p. 63. 

2 The Dropping of the Buds of Peaches. Gard. Chron. XIU, 1893, p. 574. 
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cottid be traced back from the place of cleavage, to varying depths. The 
pro-cambial cells of the tiro-vascular bundles were broadened like 
bladders. 

The ducts thus exposed were simply broken off and, like the other ex- 
posed surfaces, had absolutely uncolored walls at first. 

The separation begins to show itself in the rounding up and bending 
outward of scattered cells in the basal tissue of the flower stalk, usually at 
a short distance from the base of the bulb. Simultaneous with the begin- 
ning of this convexity a swelling of the membranes of these cells appears 
at the side where the curvature sets in. It is the striated middle lamella of 
the cell walls which swells. Also, the swelling does not take place uni- 
formly in the whole membranous layer, but in some places to a greater de- 
gree than in others, hence the swollen, stripe-like areas have a knotted 
course, in places showing constrictions. 

A head-like irregular condition of the outer surface of the cell walls 
in the cells lying next the cleavage surface seems worthy of attention. The 
hemispherical, to nipple-shaped swellings correspond to those in the woolly 
stripes in the apple core and take on a pure golden yellow color with chlo- 
riodid of zinc while the rest of the membrane becomes intensely blue. This 
disturbance sets in if, when growth starts, the hyacinths bulbs are given 
at first too great warmth and too copious watering. The flower cluster, 
not yet beginning to elongate, cannot utilize or absorb the water brought to 
it by the increased root pressure. Thus an excess of water is accumulated 
at the base of the flower stalk, whose cells elongate and weaken their 
connection. 

A slower forcing of the hyacinth might prevent this condition. 

Twig Abscission. 

The small branches which, usually, together with their fully developed 
foliage, are cut off from the main axis by some organic process may be 
called abscissed twigs. This abscission takes place chiefly in the autumn, 
yet it‘ has been observed in summer (July) and as in leaf casting we 
must take into consideration different causes for the same phenomenon. 
All trees do not show this peculiarity and even those in which it appears 
do not shed their branches every year', nor do all of them do so. Young, 
vigorous trees often do not shed, while older specimens, or those standing 
on poor soil, in the autumn cover the ground underneath them with branches. 

The poplars" furnish the best known example. Their branches, often 
meters long, with their swollen, hemispberically rounded joint-like abscission 
surfaces, smooth and shining like velvet in damp weather, show most clearly 
that the branch is not loosened by a forcible tearing of its component parts, 
but by a separation of certain tissue zones preceded by internal organic 
processes. 

1 Borkhauaen, Foretbotanlk I. p. 294. 

2 K. Mtiller, Hal., Per Pflanzenataat, p. 652, glvea an llluatratloa of tWa. 



The abscissed branches of oaks* should be mentioned. In- spruces 
except for the twigs frequently found bitten off by squirrels^, there are 
probably no actual abscissed twigs. ' 

Further, this phyllocladia, or loosening of the branches, has been ob- 
served in Xylophylla and Phyllocladus’, in all Dammara species and 
especially in Dammara australis, according to A. Braun, in several Podo- 
carpus species, in Guajaceae, Piperaceae, many bushy Acanthaceae, in 
Laurus Camphora, Crassula arbor^scens, Portulacaria afra, Taxodium 
distkhum*, in Tilia* in Ulmus pendula, Evonymus, Prtmus Padus, Erica, 
Salix*, etc. 

The trees partially owe their characteristic habit of growth to these 
abscissed twigs. But the process of freeing varies according to the habitat, 
weather and other agencies. Thus Rose, for example, emphasizes that, 
with continued drought, the branches fall more abundantly; in the majority 
of cases, side shoots are dropped, but many plants lose their tips as well. 
The last case is observed most frequently in young trees grown on fertile 
soil. Nbrdlinger® emphasizes that predominantly the weakly grown 
branches are the ones shed. 

Just as we find the leaves falling in summer, we also find a summer 
abscission of the branches. Gymnocladus, Catalpa bignonioidss, Gleditschia, 
Tilia and especially Ailanthus glandulosa exhibit the same formation of an 
abscission layer and the separation of the cells from one anotlier as found 
in the case of fallen leaves. In young shoots of Ailanthus it may be ob- 
served that, besides the parenchyma, even the stilt unlignified cells of the 
vascular bundles are involved in the formation of the cleavage layer. No 
cork is developed at this time either near the abscission or in the upper 
surface of the bark of the branch. Hence we often find it affirmed that the 
process of abscission does not depend upon the formation of a cork layer 
and that this cork layer is to be considered only as a protective layer for 
the free-lying parenchyma appearing sometimes earlier (before the cleav- 
age), sometimes later. 

We owe very extensive investigations of twig abscission to v. HdhneP, 
who has included conifers especially in the scope of his work, and has come 
to the conclusion that, in them, one cannot speak of any twig abscission, 

1 TU. Hartig, Naturgeschichte d. Forstl. KuUurpflanzen, p. 119. Plsll, Deutsche 
Holzzucht, 1880, p. 186. Wigand, Der Baum, 1854, p. 67. Schacht, Dec Baum, 1868. 
p, 305. L.ehrbuch d. Anatomle uaw., 1859, II, p. 19. 

a Ratzeburg, Waldverderbnis, I, 1806. p. 219 (Plate 28. Fig. 3). Compare Bellng 
and further Roth (tlber AbaprUnge bel Fichten), Bot. Jahresbericht von Just, II, 
p. 968, 971, and v. Hohnel, Bot Jahresb. VI, Gonnennann, Ober die Abbisse der 
Tannen and Fichten. Bot. Zeit von v. Mohi and Schlechtendal, 1865, No. 34 Rdse,. 
Bot Zeit. 1865, No. 41. 

a V. Mohi, Ober den Ablosungsprozess saftiger Pflanzenorgane Bot. Zeit 1860. 
p. 274 and 275. 

4 Riise, Ober die "Abspriinge’’ der Bhume. Bot Zeit 1865, p. 109 (No. 14). 

6 V. Mohi, tlber den Ablosungsprozess saftiger Pflanzenorgane Bot. Zeit 1860 
p. 274 and 276. 

« Ndrdlinger, Deutsche Forstbotanik. 1874, I, p. 199. 

' V. Hohnel, tlber den AblBsungsvorgang der Zwelge elniger Holzgawiichae und 
seine anatomischen Ursachen. Mitteilungen aus dem forsUichen Versuchswesen 
Oesterrelchs von v. Seckendorft, III, 1878, p. 265. Weitere Untersuchungen Uber den 
AblOsungsvorgang von verholzten Zwelgen. Bot CentraJbl 1880 p 177 
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so long as tht shedding of living, fresh and sappy branches is meant by it. 
In conifers, the branch to be shed first dies on the trunk, becoming yellow 
or brown ; it is sbed in the usual way only after death, and a cork layer is 
always formed; in this process, the wood breaks off at a definite place. 
The abscissed twigs of deciduous trees are shed in a living and sappy con- 
dition by means of a parenchyma zone traversing the thick wood but with- 
out the assistance of a cork layer. 

The age of normally abscissed twigs varies greatly. In Taxodium they 
are always one year old ; in Pinus strobus, always three years old ; in Pinus 
Larcicio, 2 to 7 year old; in Pinus sitvesiris, 2 to 6 years old; in Thuja 
occidentalis, 3 to ll years old. It was stated at the outset that spruces and 
firs are said not to shed their branches. Nevertheless, I remember once 
having seen fresh spruce shoots with a dismembered surface resembling 
an articulation. 

In deciduous trees, it can be seen clearly that the twigs usually shed 
are those grown from lateral buds or adventitious eyes which are often 
weakly, and have grown only to short shoots. Only in poplars and willows 
and seldom in oaks are long shoots abundantly shed, and then only older 
ones (branches up to 6 years old). In rare cases the process is observed 
also in Prunus Padus and Evonymus europaea, while in other trees usually 
one year old shoots alone are shed. 


Worthy of our attention is v. Hdhnel’s observation that the wood of 
Thuja occidentalis is weaker where the constriction will appear later, than 
at any other place. At the place which will later be the cleavage surface, 
the wood is greatly constricted. The parenchyma cells of the bark enlarge 
so that a considerable loosening is produced. In 7 huja orientalis the fleshy 
branch chshion is lacking, and no regular shedding is found. Meehan’ 
found in Atnpelopsis quinquefolia that the basal internode remains stationary 
and, in the following year, produces new shoots, which in turn disarticulate 
with the occurrence of colder weather. 

The law formulated for leaf casting may be applied to abscissed 


twigs the centre of consumption, which here is the twig, for some reason, 
no longer forms the normal centre of attraction for the undiminished flow 
of water and an excess of water accumulates accordingly in the basal zone 
which is still capable of reaction, and anatomically differently constructed. 
Either the branches, from the beginning, have been more weakly set, ot, 
because of an unfavorable habitat they do not develop so far or, in great 
summer drought, they have become prematurely ripe or they are rendered 
incapable of action by cold, etc. In a weak organ, the relative excess of 
water makes itself felt first at the base. If this organ develops, from the 
start, with the presence of a large water supply no shedding takes place. 
Wet years exhibit little if any twig abscission. The theory held by fores- 
ters that years with much twig abscission mi^ate good seed years, has its 
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foundation in the fact that these are dty years, favoring the maturing of the 
blossom buds. 

Even if twig abscission is of little practical importance in forestry, 
it is, however, of horticultural importance as a symptom. Especially in 
the autumn the stem parts of many greenhouse plants are abscissed, as in 
the bushy Begonias, Melastomaceae, Acanthaceae, etc. They are positive 
indications of excess of water, and the only means of prevention is to ke^ 
the plants dry. 

b. INCREASE OF FoOD CONCENTRATION. 

Among the phenomena of disease to be discussed in this section, those 
must be considered in which an excess of water in the plant becomes mani- 
fest locally. In this the root activity is not necessarily increased, the accum- 
ulation of water is produced rather by a depression of the transpiratory 
activity of the leaves. Increase in turgor must set in in various organs, or 
parts of organs, by increased water supply, as has been proved artificially in 
severed leaves. Consequently, the fact remains to be considered here that 
the humidity of the air often co-operates decisively. Conversely, in other 
cases, in which an excess of nutrients is involved, attention should be called 
to the fact that this excess does not always presuppose an absolute accum- 
ulation in the soil, but also occurs when the solvent, i, e., the water, is 
temporarily present in too small an amount, thereby producing an injuriously 
high concentration of the soil solution. 

The demands made upon the soil solution by each species seem to differ 
according to the different quantitative proportions in which the various 
nutrients and other factors of growth participate in 'the production of one 
gram of dry weight of a species. In plants, for example, which require 
much potassium or nitrogen to produce their substance, a high percentage 
solution of these substances will be necessary for the root. The plants do 
not die, if the desired high concentration is not afforded them, but they 
change their mode of growth. They then require, as already proved, much 
more water just as if they must strive to obtain the necessary quantity of 
a certain nutrient by an increased absorption of the more dilute solution. 
In spite of the large quantity of water and substances otherwise offered, 
the production as a whole is small. A similar cessation of growth is found, 
if the plants are placed in a too concentrated soil solution. The absorption 
of water is relatively scanty; the amount of ash, however, large and the 
production in dry weight small. The excess then is taken up but not uti- 
lized, the mineral substances are simply deposited in the plant and may 
partially be leached out again by water. In water cultures with a high 
concentration of nutrients the short, gnarled root hairs are sometimes per- 
ceptibly covered with crystalline scales. Thus, for example, accumulations 
of saltpetre may take place in the plant if an excess of potassium nitrate is 
given. Emmerling', by means of experiments, explains very acceptably 

1 Emmerling, A., BeitrRge zur Kenntnia der cbemischen Vorgange in der 
FUanze. Landwirtsch. Versuchsstatlonen. YoL XXX, Part 2, 1884, p. 109. 
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tlie processes taking place. He shows' that, exactly as with the use of cal- 
cium nitrate, potassium nitrate is decomposed by oxalic acid, even in very 
dilute solutions, in such a way that potassium oxalate and free nitric acid 
are produced, while oxalic acid does not act strongly on calcium carbonate, 
since it only coats it with an impervious, thin layer of calcium oxalhte. If 
now the saltpetre in the soil is relatively great in proportion to the acid 
which a plant species can form, the saltpetre will be taken up, to be sure, 
but will be decomposed only proportionately to the oxalic acid present, and 
the free nitric acid is used in the formation of the proteins; the remaining 
saltpetre is deposited unchanged in the plant. 

In our cultivated plants the law certainly holds good, that they all re- 
quire the same nutrients but in different concentrations, and also that their 
capacity for enduring the accumulation of various substances is decisive 
for the success of the cultures. It should not be forgotten here, that neither 
the absolute amount of nutrients, which is home without any injury, nor 
also the quantity of any nutrient proved to be the best (optimum) for pro- 
duction, represents absolutely fixed amounts for any definite plant. Rather, 
it should be assumed that the need for any definite nutrient changes con- 
stantly according to the combination in which the other vegetative factors 
are present at the moment. Thus, there is always a relative optimum and 
maximum for each vegetative factor. The mode of production and the 
product,— viz., the plant body, -change according to the momentary com- 
bination of the vegetative factors.;-lhus morphological, anatomical, aftd 
chemical analyses give different values for each individual. 

Each change in concentration in the same nutrient mixture changes the 
method of growth and directly manifests itself, under certain circumstances, 
in the behavior of the root hairs, as stated by Stieler'. He found m the 
"rowing root hair, with each change in the solution, a change (thickening) 
of the membrane at the end of the root hair;-under certain circumstances, 
in fact a cessation of growth occurs. In aqueous solutions of the electro- 
lytes the root hairs in many plants form vesicular, irre^lar widenmgs and 
can CTCti crack open at the tip or (rarely) laterally, rite non-electrolytes 
exercUe an injurious influence, only if they have a poisonous effect or are 
present in too high a concentration, which causes plasmolysis. The ob- 
servation that concentrated magnesium compounds can be proved to act 
directly poisonousiy, is especially noteworthy. This cannot be observed 
for other nutritive salts even with high concentration. 

These investigations confirm my own observations, viz that, in a 
highly concentrated nutrient solution, “gnarled or distended roo hairs 
appear, and thereby indicate that the plant has had to combat difficulties in 

“’'“S wgTrd ^varieties of grain, the experiments indkate that oats, for 
example, L suffer from the amounts of nutrients which, for wheat, make 

“ „ v.rhalteti dw 'Wurjelhlrclien gegen Uiiungen, Dls»er- 

tatli. alum ClfBot. CentratbL v. Lotar im. No. 47, p. 641. 
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possible only a full production. Thus oats often fail on parcels of land, 
which have gradually been too heavily fertilized. Measurements of the 
amount of transpiration show that in concentrated solutions, the plant needs 
less water, for the production of one gram dry weight, than it does in very 
dilute ohes. From this it is evident that, up to a certain degree, fertilizing 
signifies a saving of water*. 

The structure and size of the root system is changed gradually by con- 
centration, corresponding to the change in the root hair, already mentioned. 
Schwarz’s* experiments with pines demonstrated this very well. He found 
a gradual decrease in the extent of the roots of conifers with an increase 
of the nutrient content of the soil, as had already been determined for 
other plants. Here the relation between the aerial and underground axes 
was changed. While, in unfertilized sand, the weight of the root system of 
the pine seedlings was greater than that of the aerial parts, with an abun- 
dant supply of nutritive salts the weight of the root system amounted to 
only one-fifth that of the aerial axis. 

Even in cabbage plants, which have been gradually accustomed by cul- 
tivation to the highest admissible concentrations, an over-nutrition finally 
takes place' and with it a retrogression in production. Thus kohlrabi plants 
were found to be especially susceptible to large additions of phosphorus, 
while they require high nitrogen and potassium fertilization, together with a 
corresponding addition of calcium*. 

Changes in Meadows. 

The method of improving sour and sandy meadows by fertilization, 
depends essentially on an increase of the nutrient concentration. The acid- 
loving grasses, or those of sterile soil, which withstand only weakly con- 
centrated solutions, then disappear and our good fodder grasses, demand- 
ing higher nutrient content and producing more nutritive substance are 
established. Very instructive experiments on permanent meadows are 
found in Lawes and Gilbert*. We will cite from them only one example, 
in order to show that those different grass species gradually prevail in those 
nutrient solutions, of which they can endure a higher concentration. With 
the stated fertilizers, the percentages of the various grass species in lOO 
hay plants were found as given in the following table. 

From this table of grasses, we see how the rapidly spreading Festuca 
duriuscula disappears on sterile sandy soil, if the concentration of the ni- 
trate solutions and the mineral substances increase simultaneously. Agrostis 
vulgaris and Anthoxanthum odoratum behave similarly, while, conversely, 

1 Sorauer, P., ttber Mifsernten bet Hafer. Oesterr. Landwirtach Wochenblatb 
Nos. 2, 3, 1888. 

a Schwarz, P., ttber den Elnfluss des _Wasser- und Nahrstoffgehaltea des Sand- 
bodens auf die Wurzelentwicklung von Pinus silvestria Im ersten Jahr. Zeitschr. f. 
Porat-u Jagdweaen. January, 18&2, 

a Otto, H., Vegetationsversucbe mit Kohlrabi etc. Gartenflora, 1202, p, 393. 

* From ‘'Journal of the Royal Agrlc. Soa of England" and "Proceedinga of the 
Royal Horn Soc. 1870,” clt. In Bledermann'a Ceutralbl. 1876, H, p. 405. 
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the heavy feedmg plants^ of our sewage disppsal fields, Doctylis gtonurata 
M oa trrv is, during the five years over which the experiments extended 
(the results are g^ven in the table), became more and more abundantly 
established on the parcels of land strongly fertilized with nitrogen, and 
crowded out the others. The grass of village streets. Hromus mdlis, ap- 
peared in high percentages only when stable manure had been used, while 
Loliutn perenne and Holcus lanatus were present everywhere, to be sure, 
yet spread but little where stable manure was abundantly used. 


Stablp’Manure 


Species of Grasses 
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Festuca dunuscula 

1,3-04 

21.42 

12.00 

2 .q 8 

0.79 

0.22 

0.19 

Agrostis vulgaris 

8.62 

21.29 

2 . 7(1 

11-55 

9.15 

1-38 

0.78 

l.oiium perenne 

8.62 

3-,39 

3-03 

11.89 

8,60 

2-59 

2-73 

Holcus lanatus 

4.97 

9.68 

4.86 

11.06 

8.82 

2.17 

2.01 

Dactylis qlomerata 

1.76 

2.27 

2.79 

5-04 

23-58 

4-85 

i 6.86 

Poa trivialis 

I. =10 

t. 6 i 

5-77 

12.00 

15-47 

27-43 

29-34 

Bromus mollis 

0.08 

0-15 

o.(>3 

2.21 

0.93 

9,64 

12-53 

Anthoxanthum odoratum. 

3-29 

2.41 

0.80 

0.49 

O.IO 

0.19 

o.oO 


Among other interesting observations of these authors, is the one that 
the parcels of meadow land, which had remained unfertilized, exhibited 
great diversity in the families and species growing on them. The grass was 
short, stemless, and, at the time for cutting, comparatively'vcry green. With 
mineral fertilizers, the Leguminoseac gained the upper hand, while, in the 
Gramineae, which, however, showed no especial prevailing genus, the tend- 
ency to the development of blossoms was more decided than on unfertilized 
land. Conversely, ammonium sails, given alone w'ithout other fertilizers, 
almost excluded the Leguminoseac, and the Gramineae, therefore, predomi- 
nated. Festuca and Agrostis reached their highest percentage, and Rumex, 
Carum and Achillea throve luxuriantly. 

If Chile saltpetre alone were used, the effect in general was the same as 
with ammonium salts; nevertheless, among the grasses, Alopeevrus pratensis 
was especially prevalent ; and a predominating tendency to leaf production 
also became noticeable in contrast to the development of the flower stems. 
Besides the somewhat better developing i.eguminoscae, there was a lux- 
uriant development of the little useful Plantago, Centurea, Ranunculus and 
Taraxacum. 

The highest yield and the best development of the grasses was found 
with stable manure to which some fertilizer containing nitrogen had been 

1 By mineral ferUlizers, the authors mean a mixture of super-phosphate with 
potassium, sodium and magnesium sulfates. 
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udded. The Leguminoseae and other plants disappeared, having been over- 
grown by fhe grasses which then ripen more easi^ than if they have only 
a nitrogen supply. Stable manure alone also yielded a considerable har- 
vest of Bromus mollis and Poo trivialis especially, with fewer Legumi- 
noseae, but it left much to be desired in the fineness and uniformtiy of 
(he hay. 

If mossy meadows are brought under cultivation,*the moss cannot en- 
dure a concentrated nutrient solution, or, at least, a high concentration of 
various nutrient salts which require still closer examination. This explains 
the disappearance of moss from meadows after they have been fertilized 
with potassium. The same behavior is found for the horsetail (Equisetum) 
which is said to disappear absolutely after the use of calcium chlorid, and 
seems, on this account, to be especially sensitive to high calcium concen- 
tration. 

In contrast to the extreme impoverishment of the meadows, manifested 
by a mossy vegetation, stands the over-powerful development of grass on 
the so-called rankly growing places. There is an abundant nitrogen fertili- 
zation from the excretions of animals and its results are shown by a more 
luxuriant blade development. ,\ccording to M^eiske', the plants had nearly 
twice as much protein but possibly Yi, less of substances free from nitrogen, 
than the neighboring plants which had not been over- fertilized. Accord- 
ingly, the ash of the former contained more alkalis, magnesium and sulfuric 
acid. The plants on such rankly growing places, despite their greater 
volume, remained in an immature condition. With a greater spread of such 
over- fertilized places, these plants would become more injurious than bene- 
ficial. In this they resemble the condition on the sewage disposal beds. 

Sewage Disposal Beds. 

The increased use of sewage disposal beds near large cities requires 
special discussion of the injuries unavoidable in this practice. Ehrenberg* 
has recently published his experiences in regard to the Berlin sewage beds. 

Aside from the notably increased development of Plasmodia phora 
Brassicae, due to the rapidly repeated -cultivation of species of cabbages, 
he reported also injuries due to animal parasites. Most of all occurred 
the extraordinary increase of Silpha atrata, whereby great areas of beets 
were completely destroyed. The parasites found over-abundant nourish- 
ment in the decomposing organic substances of the liquid sewage and, in 
the dams and canals, lurkjng places where they were protected from cold 
and enemies. The great supply of nutrients also attracted the crows from 
long distances to the sewage beds on w'hich seedsj as, for example, maize 
and-wheat, were uprooted in whole rows. Rats were another pest. 

In addition to the damage done by animal and plant forms, the wind 
caused more damage here than on other fields. On the Berlin sewage beds 

I Annalen d. Landwlrtsch. 1871. -Wochenblatt, p. 310. 

« Ehrenberg. Paul, Einige BeobachtnuKen fiber PflanzenbeschaaiBungen durch 
SpUlJauchenberleeeluns. Zettechr. f. Pflftnzenkrankh. 1906. 
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a lai^e number of fruit trees in full leaf jvere blown down, in spite of 
strong stakes, because the earth, which was wet through, did not support 
the roots sufficiently. This was especially noticeable if a part of the field, 
with the surrounding avenues of fruit trees, was flooded with liquid sewage. 

Sugar and fodder beets, carrots and similar roots irrigated during 
the growing season, could not withstand liquid sewage about their crowns 
for any length of titfc. In a few hours the leafes began to wilt and towards 
evening the petioles became limp. Grains, grass, legumes and other plants 
without fleshy roots did not react in this way. Probably tbq wilting is 
physiological since the -scanty root fibers present on each fleshy root cannot 
draw enough water from the highly concentrated soil solution to make 
good the loss from evaporation. If the concentration of the soil solution 
was decreased by the absorption of the soil, the wilting disappeared. 

To avoid this, dams one meter wide were built, or the roots were hilled 
up as they grew and irrigated in the furrows thus produced. 

Attention has been called in another place to the change in the growth 
of grasses. On the Berlin sewage beds, l.olium italicum abounds and often 
is entirely killed if irrigated in winter. 

The softness of the grass, indicated by its easy decay, is also caused 
chiefly by an excess of nitrogen. On an average, in the years ipoo to 1902. 
a hectare of the Berlin sewage land received flno to 1200 kg. Nitrogen’. 
In spite of the very sparse seeding and the widely separated planting the 
over-fed grain plants are usually inclined to lodge. I had an opijortunity 
to study the process taking place in this lodging of oats on the Berlin sew- 
age beds’. In this, a peculiar softening of the leaf tissue, due to bacteria, 
was noticeable. Regarding the behavior of young seedlings with over- 
fertilization, I observed in barley, that, in comparison with the normally 
nourished plants, over- fertilized ones became a darker green, but were back- 
ward in growth. Then the tips of the leaves bore greyish yellow sjiots and 
finally turned entirely grey : at this time a number of seedlings lodged. Soon 
after lodging, the part of the stalk above the bend began to dry. Rut while 
plants normally drying finally assume a straw color, only the lower leaves 
in this case became straw-colored and the upper ones dried to a hay green 
color. Of importance here is also the diseasing of the vascular bundles 
and the great predisposition of the plants to attacks of fungi". 

Besides the well-known delay in the ripening of grain on sewage 
fields, Ehrenberg also mentions the change in the proportion between the 
yield in straw and grain. In irrigated oats the proportion of grain to straw 
was as I ;3.33, in non-irrigated, as 1 :2.88. 

Such a "luxurious -growth of straw” gradually becomes typical,, for 
seven newly grown varieties of barley gave an average proportion of grain 

1 Backhaus, lAndwirtschaftl. VerHoebe auf den RieselgUtern der Btadt Berlin 

Im Jahre 1914. * , ^ 

2 ^rauer. P., Beitrag zur anatomisch^n Analyse rauchbeschadlgter Pflanzen. 

Landw. JaArbticher von 1904, p. 595. 

8 laoc, cit. p. 645. 
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to straw of i .'i^S, while varifties grown for a long time on sewage beds, 
showed 1 :2.88. Wheat and rye behaved similarly. The amount to which 
ripening can be retarded in extreme cases, was found for red mountain 
wheat, which, sown on April 19th, ripened on irrigated fields on the 13th 
of September, but on non-irrigaled, on August 24th. There was then a 
difference of 20 days. 

Mention is made in another place of the disadvantageous effect of 
chlorin compounds on the starch content of potatoes, and on other plants. 

The “coating mth oose and mud’.’ is the most important injury in sew- 
age disposal beds. Liquid sewage contains, besides great quantities of 
sodium chlorid and other salts, many oi^anic substances especially pieces of 
paper, coffee grounds and the like. Six investigations of Berlin sewage in 
1902, gave on an average: 

Organic Substances 0.030 per cent. 

Potassium 0.006 per cent. 

Sodium 0.022 per cent.. 

Sulfuric acid 0.006 per cent. 

Chlorin 0.020 per cent. 

The pieces of paper and the organic substances dry up on the beds 
into tough, thin, flat cakes, decomposing only with difficulty because of 
their fatty content. Soaked with salts and organic, substances, these fornv 
the ooze, which acts detrimentally to the soil. The high content in salts will 
easily cause a leaching of the calcium through an exchange of bases. 

Analyses' prove that, on sewage beds covered with ooze, calcium is 
actually carried off. The calcium content amounted in 

upper surface sub-soil 

Normal soil 0.153 P«r cent. 0.031 per cent. 

The same soil, but covered with ooze. 0.122 per cent. 0.048 per cent. 

-An application of calcium is, therefore, desirable in soils covered with ooze, 
since its action improves the soil physically. 

The disposal of the above mentioned papery flat cakes, which may 
choke young plants, especially grasses, will have to be undertaken first of 
all by harrowing, tearing and removing the rags. Nevertheless, in planting 
the fields, great quantities get on to the soil and have an injurious effect. 
The enrichment in organic substances, due to the ooze, may be recognized 
from the loss when heated; 

Normal soil contained (in a friable condition) ... 1.994 PC’" cent. 

The same soil, covered with ooze 2.418 per cent. 

Vegetative experiments in pots showed that an admixture of ooze always 
arrested growth, and an addition of quick lime did not overcome this re- 
tardation. The arrestment in development did not show Itself in the ap- 
pearance of positive symptoms of disease, but only in the delayed sprouting 


1 Backhaus, loc. cit. p. 69 and p. 114. 
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of the seed and general depression in growth. The explanation of the phe- 
nomenon should be sought in the physical domain. The ooze which is very 
impervious to water and air, 
because of its closely cemented 
particles and its fatty content 
arrests the spread of the roots 
and greatly prevent? the rise and 
fall of the water. 

The Scurvy Disease. 

Among the many forms of 
disease, of which the causes 
are not satisfactorily explained, 
scurvy should be included under 
the diseases due to material e.x- 
cess. The reason for this is the 
frequent ’observation that after 
the addition of substances tend- 
ing to increase the alkalinity of 
a soil, scurvy usually appears in 
increased amounts. 

Scurvy or “scab" consists 
of flatly spread, cork colored 
bark-like spots formed on the 
fleshy under- 
ground root, 
or storage tu- 
ber, As long 
as such a bark- 
like cleft re- 
mains, super- 
ficial the dis- 
ease is called 
“surface scur- 
vy." If, on the 
other hand, the 
injured places 
deepen rapid- 
ly becoming 
grooves or 
holes, the dis- 
ease is called 
“deej> scurvy." 



Fig . 52. 


Carrot diseased with deep scurvy, seen from the 
most diseased side of the root. 

, , ,1 „,,.i /a v-iscultir Itimdlc riltKS arranKftl i» U-rraCcs; jf, holes in th« 

Fig. ‘ Vilces- t tnherous imrencliynia outifrowths on the ca^ot 

tissue *‘*\**"'*t. , H Ihc m-erirowth tissue of tlic scurvy wound: 

hend. which c*Uui^ downward «h>mr the root groove UfO: 

initial staRcs of the scunj wn»cn c njirf J-ig. Crofi!*-«cction of 

r. outer edge of the v bundle ringade»troyc«l 

Ihr carrot near the « ^ pt,, trom the d«pe»t 

.T« .5e P-»r formation rrf the outer .H»ular no... 

Lrwartv'outgrowths appear on the wounded surface, and this condition 
has been distinguished as “knotted scurvy. 



Besides sugar jnd fodder beets, potatoes suffer most frequently : also 
roots of the Umbelliferae, such as celery, carrots, parsley, etc. ; more rarely 
the fleshy roofs of cabbage plants. This condition is characterized by the 
destruction of the cork layers. For some time they are replaced again and 
again by the underlying tissues. Fig. 52 illustrates a sugar beet suffering from 
"zonal deep scurvy” or "girdle scurvy,” the worst form of this disease. 
The beet i.s 7 to 8 cm. thick at its head, but is circular only at the top; while 
on both sides where th^ roots grow, there is a considerable flattening which 
disappears again toward the lower end. The flattened sides are depressed 
like troughs and the centre of the trough is possibly 6 cm. away from the 
cut surface at the head of the beet. The inner surface of the trough is 
wavy because, around the very deep centre, the different layers of the beet 
flesh rise like terraces above one another towards the outer edge in more or 
less clearly defined zones. 

The consistency of the tissue at the edges of the trough is tindery, 
scurvy-like, i, e. fissured and the fissures traversed by tube-like passages, 
which initiate a fibrous decomposition of the substance. The passage-like 
fissures are lined with brown, corked, jagged pieces of tissue, whose sur- 
faces sliow a peculiarly grainy decomposition. In spite of the deep decom- 
position at the place attacked, we find that the beet retains the ability to 
react, for the edges of the various rings of vascular bundles, because of a 
new cell formation, curve out like ramparts after the injury. 

That the growth of the beet at the scurvy places may previously have 
been somewhat arrested is evident from the fact that, on the injured side of 
the beet as well as on the opposite side, the different tissue rings are smaller 
than on the other sides. If cross-sections of the diseased plants are treated 
with sulfuric acid, it is found that beneath the brown, dry, gradually de- 
composing tissue layers, which have turned to cork, the intercellular sub- 
stance of the apparently healthy root flesh assumes a yellowish, wine-red to 
bright carmine tone. Often some duct groups also seem to be provided with 
solid balls, or stoppers, which assume the same color when treated with 
sulfuric acid. Later the intercellular substance is found to be broken up 
and finally begins to decompose into a grainy slime. To the naked eye the 
whole process seems a form of dry decomposition. 

As already mentioned, this form of scurvy which extends so deep into 
the flesh of the beet, is less frequent. Wc usually find much flatter, bark- 
like fissures, occurring in circular areas, and often showing that they have 
appeared in a rather early developmental stage of the beet, but later have 
stopped spreading. It is worth noting that, in the zonal deep scurvy, the 
head of the beet does not seem to be attacked, but the disease becomes 
visible first at a certain distance below this, in the soil. In too deeply 
planted beets the first traces of scurvy are often found at the base of the 
petioles. Very similar phenomena are noticed also in potatoes, carrots, etc. 
In potatoes, it has been observed that the scurvy formation extends out 
from the Icnticels. If we examine such a lenticel, we perceive without diffi- 
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culty how fit a point it is for-marasitk’atterk k , .. 

formed. of plate-like cork cells (k) fin th k- • j 
first stages of lenticel formation beneath tL^^t 'u 
lar cells, poor in contents ( 1 ) ^ 

and further backwards and the cells first formed k* *««ber 
rnpvnte the corky cortex, a lentkcl k produced whkh now 
scurvy, Prom it the loosened cork cells (f) push out in the form o5 a 
whttist, moist meal. These cells decay, and the process of decay is con- 
tinued further inward so that the close pressed, still connected rows of 
immature cork cells (s') must be sought deeper and deeper in the interior 
of the tissue. Here the starch (si) disappears from the tissue surrounding 
the cork ceil^ Continued moisture will develop very similar conditions in 



Fig, 53. LentU'al formation on the potato skin. 


other underground parts of plants. In this process the cork mantel, which 
has previously acted as a protection, is seriously loosened and broken apart. 

The scurvy disease has recently been considered ’to be parasitic and 
usually is described as due to bacteria. Therefore, it is also treated in the 
second volume of this manual'. Put there it is emphasized, that the cause 
is ascribed to very different organi.sms, by some, to bacteria, and by some 


to fungi. On the one hand, it is stated that these organisms should be con- 
sidered as wound parasites, which cannot attack the uninjured cork layer 
f Kruger), while, on the other hand, inoculation experiments on immature 
OTgans have been carried out successfully under special circumstances. 
(Bolley). It must also be added here that a great many practical experi- 
ments have determined beyond question that, as already mentioned, certain 
substances contained in the soils favor scurvy. This explains the possible 


1 See Beet scui^y, p. 46 and Potato scab, p. 76. 
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connection of the scurvy disease with parasitic organisms, which, never- 
theless, are not specific scurvy organisms. It is much more probable that, 
in beet soils, saprophytic species, which are generally present, are able, be- 
cause of definite changes in the composition of the soil, to attack weakened, 
old beets, or tender young ones. The fact that the healthy vascular bundle 
rings are more slender where scuiwy began, i, e., their growth in breadth has 
been retarded, proves that the beet has undergone arrestment during the 
time of the scurvy disease. 

Supported by Eolley’s inoculation experiments' which prove that beet 
scurvy and potato scab are due to similar causes, we will take up the main 
question, viz., what conditions have been determined practically as favoring 
or causing scurvy. It is well known among agriculturalists that marling the 
field results most frequently in an attack of potato scab. The yellow marl, 
which contains magnetic oxid (FCi Oj) is said to be the most dangerous. 
Frank has conducted cultural experiments^ to determine the problem. 
Scurvy is produced on unslerilized soil, but not on sterilized, even 
when loamy marl is added to it. .\s shown by experience, meadow 
ore, street sweepings, sewer mttek, fresh animal manure, liquid manure and 
Chilean saltpetre all favor scurvy, which fact enforces the decision, that an 
(ilkaline reaction affords the most favorable conditions for the development 
of scurvy organisms. Bolley* also Arrives at this conclusion. His experi- 
ments show that the scurvy bacteria which he used develop most rapidly on 
neutral or basic nutrient soils. Frank's comparative experiments prove 
that moisture acts favorably, and Bolley etnphasizes the observation that 
light, sandy soils, as a rule, yield smooth tubers. Frank's results seem to 
contradict the observation that a good deal of scurvy can be found in some 
places in hot, dry years, 

These apparent contradictions are explained by Thaxter’s investi- 
gations'. He distinguishes between organisms causing the deep scurvy and 
those causing superficial forms and emphasizes his conclusion that a ’'eutral 
reaction seemed most favorable for the organism whicli he cultivated. 
Slight alkalinity, however, like slight acidity, seemed to have a retarding, 
effect. In his experiments young tubers were attacked at any place, older 
ones on tvounded surfaces and especially on lenticels, while nearly ripe 
tubers were entirely free. 

All scurvy organisms, therefore, do not seem to require the same con- 
ditions. In common, however, they prefer lenticels and young organs with 
a delicate cork covering. In beets, the places where the rootlets arise are 
especially suitable as points of attack for the micro-organisms. These 
places become very much broken in wet soils, and this fact explaijis the 
assertion that moisture favors the development of scurvy diseases. Wet,* 

1 Bolley, H. I,., A. disease of beets- identical with deep scab of potatoes. Gov. 

Aprlc. Exp. Stat. f. North Dakota. Bull. 4, 1891. , 

2 Kampfbuch senen die SchAdllnge unserer Feldfriichte. 1897, p. 177. 

4 Zeltachr. f. Pflanzenkmnkh. 1901, p. 43. ‘ ^ 

* Thaxter, Roland. The Potato Scab- Fourteenth Annual Report of the Con- 
necticut Agric. Exp. Stat 1890. 
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heavy soils are aerated with difficulty and if substances are present in the 

whwh require large amounts of oxygen, they take it from the living 
plant when a sufficient amount is not found in the soil. Refuse, sewage, 
animal manure, ferrous oxid compounds, etc., must be considered as sub- 
s ances w ic require a great deal of oxygen. We find examples where a 
piece of land fertilized with stable manure yielded scabby potatoes, while 
unfertilized land surrounding it yielded a crop free from scurvy'. 

However, in the decomposition of sewage and other animal refuse, 
injurious sulfur compounds are produced in the soil, which will naturally 
act poisonously on the root system and yet favor certain groups of bacteria. 
As soon as such processes set in. the scurvy bacteria, which prefer neutral 
or alkaline soil, wdll thrive. 


Such conditions may also be produced in clay soils in times of intensive 
heat and drought; or they can be lirought about by the addition of mar! 
containing iron. Tn this way miglit be explained the appearance and often 
the annual repetition of the scurvy, which may appear after marling hut 
does not always set in. .A.II the al»ove named factors favoring scurvy 
can actually develop it in certain cases and not in others. The gooil 
effect of lime, already obsened in many cultural experiments', may lie 
explained by its characteristic flocculating action in lieavy soil, with a conse- 
quent improvement in physical texture. The soil becomes warmer, more 
porous, more easily aerated, wliilc the animal manure' is more protected 
from unfavorable decomposition. The easily aerated sandy soils, wliich do 
not long contain highly concentrated soil solutions, are usually free from 
scurvy. Therefore, the various Substances, said to favor scurvy, are not 
inj'urious in themselves hut only in certain combinations, wliich direct soil 
decomposition into imliealtlw channels. 

We have been led to the point of view here expressed by our own 
experiihents', which were intended tn answer the (|ucstii)n, as to whether 
scurvy can he retained constantly in the soil and can spread there. The 
result was negative. Tn the two successive experimental years not only the 
tubers obtained from healtliy seed. Init. with a very few excejitions, even 
those originating from scaldiy potatoes were healthy. Thus it is clear that 
the condition of the seed does not necessarily determine that the scab dis- 
ease will be present in open land, and so the much recommended steriliza- 
tion is unnecessary. The recommendations for combatting the disease must 
be based on a change in the constitution of the soil and especially on the 
avoidance of substances which favor scurvy. In regard to the oft-asserted 
injuriousness of lime, my experiments have proved that tubers, some of 
which were brought directly in contact with tlie lime, remained perfectly 
smooth skinned and healthy. Recently, substances have been introduced 


t 1 Arb. d. D. Landw.-Gea. Jahreaberlcht d. SonderausschuBSes f. Pflanzen. 
achutz 1904. , 

2 Krttger. Fr., Untersuchungen ttber den GOrtelBchorf der ZuckerrUben, Zelt- 
BChrlft d. Ver, d. Deutsch. Zuckerindustrie. Nov. 1904. 

* Zeitschr. f. Pfianzenkrankh. 1899. p. 182. 



372 

into trade which are said to increase the reaction of the soil (for example, 
sulfarin) . 

In connection with scurvy diseases of edible roofs, we would like to 
call attention also to similar phenomena on smooth barked young trees, 
which have not as yet been studied. Lindens, elms, oaks, etc., on certain 
kinds of soil (i. e. moor-soil) had round, rough splits in the bark, which 
increased greatly in extent adjacent to the adventitious buds or shoots. 
This bark scurvy is frequent near large cities, where the base of the tree is 
exposed to debris of all kinds. 

Another phenomenon found in barley and wheat, which should be in- 
cluded in this group, is "spoiled necrosis," i. e., the appearance of deep, 
dark reddish brown, dying spots at the tip and along the edge of the grain 
leaves. Up to the present, I have found the di.sease most extensively in 
heavy, clayey, or moor soil, which had had abundant potassium fertilization 
and also in regions with a deposit of ashes. 

Progressivk Metamorphosis. 

W'hile. in tlic cases already discussed in this chapter, we have empha- 
sized as the common characteristic of all the phenomena, the influence of 
unsuitable concentrations of the soil solution, because of which the plant 
suffers, we will now consider the ca.ses in which the plastic building sub- 
stances have been increased out of proportion to their utilization. Here. too. 
an excessive supply of nutrients in the soil does not give rise necessarily to 
this condition, but, for various rea.sons, a disturbance in the equilibrium in 
the formative direction of the individual may occur, that is to say, a change 
in the utilization of the plastic food materials. 

Examples of this are those phenomena grouped under progressive 
metamorphosis, such as the transformation of leaf organs into a morpho- 
logically higher developmental form. Teratology classifies such transfor- 
mations under the heads "petalody" and "pistillody," i, e., cases in which 
the calyx bracts become petal-like, or parts of the corolla assume the char- 
acter of the stamens, or the organs actually belonging to the androe- 
cium circle are changed into carpels. Numerous examples of peta- 
lody are furnished by the cultivated forms of our Primulae and Ranunculi. 
We find the best instances of pistillody in the poppy (Papaver somni- 
ferum). In this plant, as in the different varieties of cabbage, long con- 
tinued cultivation has so disturbed the morphological rules, that the organs 
tend to transformation. A most interesting case may be found in the poppy 
heads which, at the base, bear a circle of many small, woody prirriordia of 
smaller heads (stamens which have been changed into carpels). In double 
tuberous Begonias, tulips and other Liliaceae, specimens are found in which 
the stamens have been transformed into carpels with seed primordia. Re- 
lated to this are the phenomena of the "cone malady" in conifers, especially 
in pines, as illustrated in Fig. 54, 
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In the majority of 
cases, the cones at the base 
of an annual shoot lie close 
together and remain small- 
er than normal ones, but 
yield seeds capable of ger- 
mination. The production 
of such cones, instead of 
staminate flowers, points 
to a local excess of con- 
centrated, plastic food ma- 
terial, Borggreve' has made 
a corroborative observa- 
tion. He found, the year 
after transplanting several 
spruces, possibly 15 years 
old, in the Botanical Gar- 
dens at Bonn, that the 
terminal shoot had been 
transformed into a pistil- 
late inflorescence. 

If an excess of plastic 
building substances partici- 
pates in this, so that the 
various leaf members of a 
blossom retain their form, 
but the axis is lengthened, 
we speak of the disunion 
of parts of the blossom 
normally united as aposta- 
sis. The calyx, for ex- 
ample, then appears sepa- 
rated from the corolla by 
a long intemode, the cor- 
olla in turn from the 
stamens, etc. 

The most perfect form 
of over-nutrition of the 
blossoms is found in the 
so-called “Rose-Kings," i. 
e., in the roses in which a 
new blossom springs from 
the center of an older one, 



1 Forstllche Blatter ISSO. 
Vol. 17, p. 245. 


Fig. 54. ttone diseaae in the Scotch pine. 
(After Nobbe.) 
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or new blossoms appear laterally. We term such cases proliferous shoot 
development (proliferation). Unusual buds arise inside of one blossom 
or of one inflorescence. 



Pig. 55. Sprouting pears. 


Such buds sometimes develop into blossoms, sometimes into leafy 
shoots. If such an adventitious bud stands in the centre of a blossom, so 
that the a.xis of the flower appears to end in it and can be continued only 
by the development of this bud, we call such a proliferation diaphysis. If, 
on the other hand, the adventitious bud appears in the axil of any member 
of the inflorescence, or the bracts, the formative variation bears the name 
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of axillary proliferation, the appearance of bads within the 
flower (ecblasteris). Sprouts in the centre of the blossoms 
are more frequent than those in the axils, a circumstance 
probably connected with the fact, that all shoots, which form 
the direct continuation of the erect axis, obtain water and 
nutrition more easily than do lateral branches. In favor of 
this is also the very rare occurrence of proliferations in 
flowers W’hich stand isolated in the axils of leaves. 

The doubling of blossoms in the Compositae consists, as 
is well-known, mostly in the change of the normally tubular 
labiate flowers into brightly colored ligulate flowers (ray 
florets). Proliferation in the Compositae has'often been ob- 
served, when. Instead of the separate florets, a whole head is 
produced at the base of the inflorescence. Thus Magnus' 
reports specimens of Beilis perennis which had numerous, 
stemmed secondary heads around the edge of its heads. The 
same phenomenon has been observed at times on Crepis 
biennis, L. as well as on Cirsium arvense Scop. F.verywhere 
the individual florets were .so developed that they had a more 
or less long stemmed axis, often provided with dry, mem-- 
braneous leaflets and crowned by a small but perfect flower 
head. In fact, on the edge of each secondary head, tertiary 
heads and even heads of later orders may develop. 

Similarly sprouts from phanerogamic fruits are not rare. 
The best known examples are found in our pomaceous fruits 
and, of these, more often in pears than in apples. We give 
in Fig. 55 an illustration of sprouting pears, in which one or 
more secondary fruits develop on the primary fruit. This 
phenomenon may be explained by considering the fruits of 
our pomaceous fruit as twigs, of which the bark has developed 
extraordinarily. Usually, the lip of the twig ends in the 
carpels. These develop into a core and t«?ar the seeds inside 
this core. The bark of the twig swells, depressing more and 
more the terminal blossom above the seed primordia and be- 
comes the flesh of the fruit by material changes and cell- 
elongation. As in the proliferation of the rose, a pear blossom 
may also develop a secondary blossom in its centre, m which 
the small axillary crown between the embryonic carpels 
elongates; the carpels are pressed apart, or do not develop at 
all This secondary blossom matures into a twig, sprouting 
from the Arts pear. This develops a blossom at its tip or, 
without it, swells out like a top, thus producing a second pear 
on the first one. If these twigs do not develop sexual organs, 

> Siuii^ber a. Bot. Ver. d, Prov. Brwiaentnirg XXI, ISIS. 
Sits. V. as. Nov. 
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the monstrous pears have no Core. If the proliferous axis of the fruit 
divides, lateral, smaller pears sprout around the central one. 

In apples, the ability to sprout often extends only to some branches of 
the vascular bundles in the fruit. Then a knot swells out at the side and 
can increase to a small secondary fruit. If the lateral sprout develops and 
produces an actual bud, we find two cores lying diagonally above one 
another. This case bears great resemblance to double fruits which arise 
from the union of two separated, laterally placed embryonic flowers. A 
simple case is the development of a dormant leaf bud on the unthickencd 
part of the fruit, i. e., the stem. 

In conifers, proliferation is found in the continued growth of the cone 
axis into a needled branch; this may be found most often in larches (see 
Tig. S6). 

Among the phenomena in which an excess of plastic food material is 
nunifest, belongs also the occurrence of leaves at places on the axis which 
normally should be leafless, Chorisis, and the increase of the leaf organs 
in a node {Doubling, Dedoublement) as also the multiplication of parts of 
a compound leaf (Pleophylly). The most common example of the last 
case is the four-leafed clover. Tammes*, in a recent study of this case, 
mentions that De Vries, by continued selection, has created a race, the in- 
dividuals of which possess four to seven leaves. This is also a very good 
example of the way in which phenomena of over-nutrition, once produced 
accidentally, may become hereditary. We referred to this point also in 
treating of fasciation. In the clover, individual veins and even the mid- 
rib seem more vigorous and are divided, at times extending even into the 
petiole. Then each part of the divided petiole bears leaflets at its tip. 
Pleophylly also deceases on the branches of the second, third and fourth 
order in which the supply of nutrients decreases in contrast to the first 
produced, vigorous axes. We find less striking examples in all plants. 
Leaves which display especially strongly developed leaf surfaces and then 
a forking of the different veins are found everywhere on the branches 
most favorably located for the supply of nutrition. 

Such luxuriantly developed forms are found most often in the so-called 
sprouting of the stock, i. e. sprouts growmg from dormant and adventitious 
buds on the stumps of felled trees (for example, Populus and Morus). 
The size proportions usually far exceed the average and the leaf forms 
often vary from the type, even to unrecognizable forms. In these cases the 
newly produced shoots have the whole store of reserve substance of the 
tree stump at their disposal, which causes their enormously increased 
growth. 

As related phenomena we will also name here the zvitches-broom which 
we may pronounce a “twig-malady." The accumulation of the plastic food 
material in various places in the branch, which gradually seeks utilization 

r Tammes, Tine, Bin Beitraa rur Kenntnis von Trifolium pratenoe quinquefolium 
de Vries, Bet Zeit. 1304, Part XI, p. 211. 
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in a proleptic bundled formation of branches may be produced, in the ma- 
jority of cases, by parasitic stimulation. As a rule, the abnormally formed 
axes deviate structurally from normal ones'. 

Further, there belongs here retrogressio» to the juvcHile form’ in trees 
which sprout vigorously after great injury. The so-called rosette shoots. 
as shown for a pine in Fig. 57, result from local over-nutrition, due to the 
fact that the trees have previously suffered very great loss of foliage 
(usually from the attacks of caterpillars). The mobilized building sub- 
stances, which have thus lost their province of nutrition, now stream toward 
the dormant buds, lying between the normal clusters of needles or more 
clearly recognizable in the form of weak whirls, and cause them to sprout. 
Instead of clusters of needles, simple broad, sword-like needles with serrate 
edges are then produced. In their axils, as shown in the figure, the normal 
short shoots (clusters of needles) may 
again be formed. 

If we consider these cases as a whole, 
we perceive at once a feature common to 
all. It is the excessive presence of build- 
ing material in one part of the axis. In- 
deed, by over-nutrition, organic sub- 
stances, actually newly formed by the 
leaf apparatus, are placed at the disposal 
of a part of the axis, or an accumulation 
of the structural material is produced 
locally since the mobilized reserve sub- 
stance does not find its normal utilization 
due to some injury such as attacks of 
caterplllers, pruning, storms, etc. If this 
excessive material reaches the existing primordial organ, it becomes 
manifest in the increased development of the normal form, or, within the 
compass of progressive metamorphosis, of other organic forms. If the 
structural substances reach a vegetative point, additional organs are formed. 
Each vegetative point is always the product of the food at its command. It 
retains its distinctive morphology only as long as the nutritive process re- 
mains the usual one. If the amount of structural material is increased, the 
vegetative point forms additional primordial organs, thus changing the laws 
of the leaf arrangement, determined by heredity. New normal, vegetative 
points may develop in the form of buds. There are, therefore, no steadfast 
characteristics in an organism and cnlfivation constantly changes the in- 
herited structural type. 



Fig. 57. Rosette shoot ot a 
Scotch pine. 


In On: nxilsof the nUnisle t*wonM5kcnet<lleH 
are >bown the ttUort xhobtit with douhk 
hwIWm*. iKnluriecit.l (After JtAnKHt'tn.) 


1 rnmiMre Zanff Wllh., Untersuch. tiber die EnUUhung des Klefemhexen- 
besens!^ S" Lehranstalt.f. Weinba« ubw. Gelaenheim 1905, p. 285. Abun- 

dant material baa been furniahed recently in the Naturwlss. Zeitachr. f. Land- u. 


Forst^lrlschaft. 

a Dlela, U, Jugendformen und BlQtenreife ’im Pflanzenrelch, Berlin IM«. 
Gebr. Borntrftger, 
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Pkessuee of the 'Buds (Bwstomania A. Be.), 

In the preceding section the so-called “sprouting of the stock” has been 
considered. The phenomena are observable everywhere where large trunks 
oi poplars, oaks, beeches, chestnuts, etc., have been felled. On the cut sur- 
face of the stump a callus arises from the cambial zone and numerous ad- 
ventitious buds are formed on this. The various processes of propagation 
by "leaf-cuttings" of Begonias, Gesnerias, etc., show that new buds may be 
produced on the cut surfaces of herbaceous stems and leaves. The peculi- 
arity of “viviparity" should be presupposed as equally well-known, i. e., the 
development of new vegetative buds from an uninjured leaf blade during 
the normal course of development {Asplenium, Bryophyllum, etc.). Fre- 
quently observed, but abnormal cases, are similar formations of buds in 
Cardaminc pratensis, Drosera intermedia, Arabic pumila, etc. Duchartre 
found small leafy shoots growing out of leaves of Solanum Lycopersicum. 

■ Braun observed such excessive formation of adventitious buds on the leaves 
and especially on the stems of the cultivated forms of Catliopsis tinctoria. 
For example, he could count about 300 on a piece of stem possibly 20 cm. 
long'. Similar cases have also been observed on other plants", and I found 
specimens of Pelargonium sonale and P. peltatum with disc-like, fleshy 
outgrowths at the base of the stem which were entirely covered with little 
buds. Individual, more vigorous specimens developed to such a point that 
even very small leaves could be distinguished; the majority of the buds 
died because of mutual pressure. A similar fleshy cushion was formed by 
a Dahlia variahilis tuber which had been forced in a propagating case, in 
order to develop new eyes from the base of the stem. The shoots were cut 
off immediately for use as cuttings, whereupon the growing stumps de- 
veloped new lateral shpots from their basal buds, which became more and 
more numerous but increasingly weaker. In this way a herbaceous goitre 
gnarl was produced. 

The Goitee Gnarl of Trees, 

With the rarely occurring bud accumulation in herbaceous plants, 
above mentioned, there is naturally connected a formation of goitre gnarls 
in trees, which, with few exceptions, are produced when the growth in 
length of normal branch buds is prevented, thus inducing the sprouting of 
new lateral buds in their stead. The shoots from such buds stand closer, 
the nearer they are to the base of the branch from which they arise, because 
the internodes are shortest there. If the tip growth of such shoot primor- 
dia is limited by injury, or some other cause, such as mutual pressure, they 
again develop lateral shoots. 

The illustration from a trunk of Acer campestre in Fig. 58 gives a 
fine example of a goitre gnarl. After the noticeably thick bark had been 

» Braun, A., tJber abnorme BiWung von Adventivknospen am krautartigen 
Stengel von CaMioptii tinctoria, Dec. Verb. d. Bot Ver. d. Prov. Brandenbuev XII, 
p. 151. 

2 Magnus, P., Verb, d. Bot. Ver. d. Prov. Brandenburg. XII, p. 161. 
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FIB. 5S. I-eeW. gnarled growth oJ the maple. 
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^oved, the wood showed the spike-ldce processes of the dead bud cones 
The surface view is given at a; at b the cross-section of the spike-like wood 
cones with the medullary parenchyma indicated by the darker inner circles. 

Similar structures appear in very different tree genera and at will in 
plac* on the aerial axis as well as in the buds of the root stock.-but here 
more rarely. The places exposed by the removal of branches are especially 
preferred. Here the latent and adventitious buds, accumulated at £ base 
of the branch, begin to develop into small shoots. The wood elements, 




Fig. 69. Formation of gnarls on 
the branchM of Malut aineniii. 
(After KUsa.) 


Fig. 60. 

Cross-section through 


a gnarl cushion. 


It w seen thnt the central „.irt of the iuOividunl spikes of 

arising from the cambium of the trunk take a cne,o.r.f 

bud cones, because they are prevented bt th around the 

^Nevertheless, normal branch primordia may not alwavs be assumed as 
the points of departure of gnarl formation. There are also rasos in n- i. 
t e sptkes of the gnarl arise from excrescences of the medullary ray^.'^S 




such case is treated in a study by Kissa* on gnarl formation in 

which he conducted under my direction. Fig. 59 shows a branch 
of gnarl cushions, which have sprouted chiefly from the parenchymatous 
base of a small fruit shoot. 

• 

In cross-section, it is seen that the conical spikes represent wood 
cylinders, of which the central tissues have arisen from broadened medul- 
lary rays. This kind of medullary ray (Fig. 6o) is either primary or is 
produced only in a later annual ring. The wood layer of the spjke is a 
continuation of the wood ring of the mother branch. As in a normal 
lateral axis, the spike of the 
gnarl is covered by its own 
bark and has also a well de- 
veloped cambial layer. Just 
like a normal branch, the spike 
of the gnarl ramifies (Fig. 6o 
Am') and lengthens by apical 
growth. But not one of these 
axes at any time bears the 
primordia of leaves or buds. 

The differentiation of the 
tissue of the spike of the gnarl 
takes place in tlic very first 
developmental stages inside the 
bark of the mother branch, 
which at first appears to be 
only swollen. This swelling is 
produced from the upward 
forcing of the bark by a num- 
ber of especially strongly de- 
veloped medullary rays, pro- 
vided with merislematic lips. 

By the further apical growth 
of these structures, the bark of 
the mother branch is finally 
ruptured and the spikes of the 
gnarl, covered with their own bark, now appear as independent structures. 
But growth in length soon ends since the bark cap and the underlying 
meristematic layer dry up. Instead of an apical growth, a basal, lateral 
sprouting now takes place in the different gnarl spikes in the interior of 
the mother branch. 

In Fig. 60, the cross-section of a branch covered with gnarls, we see 
that the medullary rays forming the pith of the spikes are mostly primary, 
and, therefore, arise from the pith of the mother branch, sp indicates- the 



Kig. 61. laongltudlnal section through the 
Hpikes of a gnarl. (After Klssa.) 


1 TC fftsfl., N. W., Kropfmaaerbildung bci-Pini* Malut •inenait. ZtCltachr. 
Pflanzenkrankh, 1900, p. 129. 
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spike; m, pith; h, wood; r, bark; c, cambium; mst, medullary rays of the 
mother branch ; hm, wood la^er; ria, bark layer of the spike; n, meristematic 
cap of the spike; hm', rm’, wood and bark of the lateral sprouts of the 
gnarl cone ; h', second annual ring ; h", third annual ring. 

Fig. 6i i.s a highly magnified longitudinal section through a spike of a 
gnarl lying within the bark of the mother branch. Ph, indicates the phel- 
logen ; k, the cork layer ; Pc, the collenchymatically thickened cells ; Pr, the 
parenchyma of the primary bark of the mother branch, of which the inner- 
most layers begin to be filled with starch ; St, 
starch ; Ahp, dead layer of parenchyma cells of 
the primary branch bark; M, meristematic tip of 
the spike ; /I, cells of the wood layer of the gnarl 
cone with their pores (Par)-, c, cambium; B, 
bark of the spike. 

Therefore, the cone mantel {Abp), composed 
of the shaded cells, forms the boundary between 
the spike primordia and the mother bark of the 
twig and may be clearly recognized as the axial 
cylinder, since the wood layer (A) is covered 
with its own bark tissue (B) while, between both,- 
the cambial zone (f) becomes recognizable. The 
wood cylinder is composed chiefly of very porous 
parenchymatous wood (Por). The bark tissue 
abounds in starch. The young spike is lengthened 
by the apical growth of its meristematic cap, and 
gradually compresses the adjoining cells of the 
mother bark into a yellowish layer (Abp). Above 
this dead cell layer, the mother bark is still per- 
fectly healthy and dies only if ruptured by the 
gnarl cone. 

In the above statements, we have paid special 
attention to the stnicture of the completed gnarl 
cone, and will now turn to the processes of 
broadening the medullary rays, which initiate the 
formation of the gnarl cone. I have studied one 
such case in Ribes nigrum'. 

Fig, 62 h shows the accumulated beady gnarls, up to one millimetre in 
height, which lie side by side, or partially over-lapping. In the cross-section, 
Fig' 63, is seen the radiation of the wood ring of the branch, in fan-like 
or feathery subdivisions, into the body of the gnarl which in this case is 
not conical, as in Malus sinensis, but resembles a spherical wart. 

Fig. 63 gives at B the longitudinal section, at A the crosS:section of a 
gnarl wart. D is the normal axis of the branch with its pith body (w) and 
wood ring (A), which now seems cleft by the excrescent medullary rays 



Fig-, 62. Bead-llke for- 
mation of anarla In the 
black currant. 


* Sorauer, P., Kreba an Ribas nigt'um. Zeitschr. f. Pflanzenkrankh. 1891, p. 77. 
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(ynst) ^ These medullary rays form the point of departure for the fan-Uke ' 
gnarl formations (sfi) which, in later developntent, display a central wood' 
body (k/i) and a distant bark layer (r). 

A cross-section through the branch at such a warty place shows (Fig. 
64) that the wart represents a conical 
outgrowth (k) of the inner bark, 
which has ruptured the outer bark 
layers, but is still covered by them, 
like lips ( 1 ). The edges of the lips 
are dead, and a mycelium is usually 
found in the depressions. This grow.s 
out into the outer, browned and dying 
or already dead cells of the primary 
gnarl cone (p]. If we trace back the 
e.xcrescent tissue which, towards 'its 
base, possesses a wood layer com- 
posed of slender, reticulately thicken- 
ed vascular cells, passing over into 
the normal wood ring, it is found 
to 'be only a simple outgrowth of a medullary ray. 

Fig. 64 illustrates an advanced stage of the medullary ray outgrowth 
of a branch at the end of the first year (the year of its production) ; the 
left side still shows the normal bark structure; at ak are the suberized 



remnants of the outermost bark layers shed in the course of the year of its 
production, which contain scattered crystals of calcium oxalate. These 
remnants are still connected in places with the discolored, uninjured cork 
lamellae (gk) which enclose the twig, lit* a firm, uniform girdle. Below 
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the cork layer lie the collenchymatically thickened bark layers (c o) -; these 
border on the parenchyma containing the chlorophyll (M)' which is seen 
separated into zones by tangential calcium oxalate bands (o, o', 0“). The 
normal bark of the healthy branches also not infrequently has tangential 
cavities along these bands of crystals, produced by the tearing of the cells 
which remain thin-walled and contain small deposits of calcium oxalate, so 
that some of the crystals appear to be lying free near the edges of the 
cavities. 


In the autumn of the first year, the phloem rays may be seen to extend 
as far as the first oxalate band (0). Adjacant to these rays, as is usually 
the case in our woody plants, the cambial zone (c) curves outward over 
the wood, and then in again, like a bow. This shows that the medullary ray 

assists in the radial extension of the axis, 
- " just as the pith cylinder itself causes the 

longitudinal stretching. 

On an average the normal medullary 
ray (m) retains, inside the bark, the 
number of cells last formed in the wood 
and its extension In the bark then depends 
only on the greater distension of the in- 
dividual cells. Near the excrescence, 
however, medullary rays are often found 
j of which the cells have increased in 
3 number (m') but have kept essentially 
their radial, normal elongation. An ex- 
Fix. fiS. Medullary ray In the first traordinary cell increase finally takes 
stages of the gnarl formation. place in the ray of the excrescence and the 
cambial zone curves abruptly outward. 

This is best seen in the comparatively few cases in which the medullary 
rays begin with the formation unilaterally of excrescent tissue, as shown in 
Fig. 65. In this figure m indicates the cells of the medullary ray within the 
wood; c the cambial zone which at the right side rises towards the wood 
(h) and sinks back at the left side over the wood; nr is the normal side of 
the bark ray, which pushes against the thick-walled bark parenchyma (/>) 
and, in caustic potash, is clearly differentiated from its surrounding tissue 
by its yellower color. At 0 are indicated the very thin-walled small cell 
rows containing calcium oxalate ; here, near the cambial zone, the walls of 
these cells show a peculiar granular consistency as an indication of their 
approaching decomposition. Such a granular, slimy decomposition of these 
cell bands and the movement of the calcium deposits to the edges 
of the cavities thus produced iS also found in the normal bark. On 
the excrescent side (wr) of the bark ray, of which, the cells turn a still 
darker yellow after treatment with caustic potash, than do those of 


the normal side, and not infrequently display a distinct knot-like swell- 
ing of the walls, the cambial zofle turns abruptly outward (c') and indi- 
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cates that it will curve outward like a cap in the mature tissue of 
the excrescence. 

This conical elevation of the cambial zone is visible in Fig. . 64 wc. 
t oms also an apical region, which, however, does not lie at the outermost 
tip of the excrescence but always remains covered by bark tissue, which 
dies from the outside inward until it reaches the meristemalic tip of the 
excrescence cone. 

The apical as well as the basal region of the meristemalic zone of the 
gnarl cone begins to develop shoots in the following year. Successful 
sections, showing the full course of a medullary ray, demonstrate that the 
formation of the secondary axes takes place repeatedly in the same way in 
which the primary gnarl cone \vas produced, — viz., by the outgrowth of 
part of the medullary ray extending through the bark. 

If the structure of the internodes is traced from the spot already 
recognizable as the primordium of a gnarl towards the younger parts of 
the branch, a lack of uniformity in the structure of the medullary rays is 
seen in the very weakly developed wood ring of the axis. At the base of 
the buds of the current year in which the immature wood cylinder has only 
the^ spiral ducts of the pith crown and a few libriform fibres, together with 
scattered, reticulated or porous ducts, medullary rays may be found here 
and there which vary from the other rays in the somewhat greater width 
of the cells, the somewhat stronger refractive power of the cell walls, the 
distinct straight course and the further continuation In the bark. It Is 
noteworthy here that the end of the phloem ray extending furthermost 
Into the bark, unlike the other phloem rays, is not more slender than those 
behind it, but broader, in fact, the broadest of all the cells composing the 
ray. While, therefore, the normal medullary rays are conical, this one has 
turned its broadest base toward the periphery. This is the same tendency 
in growth, found in the older stages, which appear as distinct excrescence 
rays. Such a differentiation in the earliest stage shows how this goitre 
gnarl formation is prepared in the frsi juvenile phases of the axis. 

Besides the excrescences of the medullary rays, there are still other 
factors which distend the bark during the encysting of diseased tissue 
centres. We will return to these points in the section on the "luier pitorlr" 
which are best treated' under the processes of wound healing. 

I had an opportunity to observe in Prunus Padus the formation of 
goitre gnarls, which branch like witches broom, and have found similar 
structures on gooseberries’, I also found warty gnarls, similar to those 
described In Ribes, in Cydonk vuliiarb^. On gooseberry bushes near com- 
post heaps, I could later determine gnarl structures in a form similar to those 
in the black currant’. In a case in the red cherry currant, of which I heard 
only recently, long leafy shoots which had no mature buds on their leaf 

1 Jahresbericht dea Sonderausschussea fUr Pflanzenschut*. Arb, d. DeuUcb. 
Landw.’OW. 1898, p. 145. 

* Ibid. 18M. p. 188. 

s Ibid. 1900. p. 218. 



386 

axes, developed from a goitre-Kke gnarl-knot. At the places where the pith 
bridge in the branch node otherwise leads to the bud, either no meristematic 
layer was found or it remained covered by a bark cap and developed into 
a small gnarl spike. Instead of the apical ‘bud, I found accumulations of 
spike primordia which, in the following year, became actual goitre gnarls 
from which sprouted weak, leafy branches, as in Acer and Tilia. 

So far as may be concluded from their description, the remarkable 
“cylindrical gnarls" (chichi, nipple) on Gingko Biloba may also be in- 
cluded under the goitre gnarls. According to Kenjiro Fujii* these chichi 
or nipples are found to be cylindrical or spherical excrescences which, as a 
rule, grow down perpendicularly from older branches. Their size varies 
from the length of a finger to 2 meters, with a thickness of 30 cm. They 
resemble normal branches, on which all foliage is lacking. Having reached 
the soil, they strike root and then are able to develop leaves. Similar for- 
mations are said to occur on the roots. 

I have given a more thorough description to this form of the goitre 
gnarl formation, in which normal embryonic buds do not participate, be- 
cause it demonstrates the importance of the medullary ray tissue in a way 
which, as yet, has not received the slightest consideration. Frank^ cites 
references, deserving attention, and also describes earlier observations on 
gnarl structures. In this, however, the chief concern is the explanation 
of the wavy course of the wood fibres in gnarled wood. We lay the chief 
weight on the causes, which lead to the broadening of the medullary rays. 
The form of goitre gnarl, last described, is only the extreme of a tendency 
to an excrescence of the medullary rays, which may lead to certain canker 
swellings. In them, however, processes are involved which are caused by 
wounds, while here we can ascertain internal disturbances in the equilibrium 
of the processes of growth, but no external ones. 

We are concerned with local increases of pressure and turgor con- 
ditions brought about by the form of nutrition. Kny’s’ investigations in this 
connection, give us the desired proof. He found, in the action of mechani- 
cal pressure, that, in the meristematic cells of the medullary rays, the di- 
vision walls take a different direction and produce two-rowed medullary 
rays. In this instance, the results of mechanical pressure from outside, 
must, according to our conception of the matter, 15 c affected also by the 
mutual pressure of the tissues upon one another, caused by increase in 
turgor. Since, however, turgor, — a sufficient watqr supply being pre- 
supposed, — depends on the constitution of the cell contents, on the abundant 
presence of compounds which attract water, each increased supply of plastic 
food material will ^ve rise to an increase in turgor and a change of the 
existing pressure conditions in the different tissue forms, 

1 Kenjiro FujII, On the nature and origin of so-called “chichi*' (nipple) of 
Gingko biloba. Bot. Magazine. Voh TX. No. 105. 

9 FYank. A. B., Die Krankhelten der Pflanzen. 2d ed., Part 1, p. 82. 

* Kny, I*. tJher den Einfluss von Druck und Zug uaw. Pringsheims Ja^rb. 
f. wiss. Bot. 1901. Vol. XXXVII, p, 65. 
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Such an increased supply of plastic food material is present, if some 
disturbance in the normal economy of the plant arises, due to the removal 
of certain centers of consumption. Goitre gnarl formation arises^ from the 
removal of branches necessitated by trimming the trunks and various other 
kinds of pruning. We find striking examples of this in Undens, poplars, 
maples, etc., planted along streets; in an ever-increasing accumulation ot 
buds at the places where branches have been removed. If such gnarl accum- 
uations occur at especially preferred places, well suited for the work ot 
assimilation, some shoots from these gnarls gain the upiiethand and ap- 
proximate water sprouts. 

c. Effect of .vn Excess of Nitrogen. 

As seen already, a disturbance in the formal development of the plaiU 
body bv a local accumulation of the prepared building materials is o 
sure, of interest scientifically hut has no great 

Indeed we actually find that the cultivation of such formal variations, a^ 
doubled flowers, is often intentionally increased. The J 

different however, if the material processes are unequally affected y 
ri raterials Here the question of fertilization comes primanly unde 

Toirio, - « »• rs 

by an excess of nitrogen and an unequal increase o! ^ " intriouslv 

^ We have already mentioned the fact that the soil will be in unously 

precipitation is present. - .oHccnIrnfed soil salt, lion may easily 
time of drought, because a to ft . water into the plant 

be produced, making development of the 

roots'. This cannot fail to i subject. He observed in 

plant. Gerneck’s* work throws some hg i .iy it CafNO,). was 

Triticum that root hairs were forme the blades and 

added than if KNO., was user 

ears developed late, while, appeared to be more 

schlerenchyma were also the least lignihc . 

We will now discuss a few special cases. 

Over-Fertii.izei> fiEEn. 

The erroneous theory that P'-P^ - 
fection by abundant ^"*'’1“*'”" of sowing. The seeds were 

^ itr 

I,., rntersucRungca «vc <1™ 

feucJtlgRelt. VlertetJalirs.chr. a. Bay . j,„,wlcKlu„g 

1902, n, p. SOI* 
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in more or less concentrated nutrient solutions. The discovery was then 
made immediately, that such treatment assistance is often useless, and some- 
times injurious. 

Fertilization experiments with beets, made by Fremy and Deh'erain, 
throw some light on this point. They proved that ammonium sulfate and 
potassium salts have an injurious effect on the germinative process, and 
they also found that germination failed entirely, even with a concentration 
of 0.2 per cent. The results of soaking experiments made by Tautphous’ 
with beans, peas, maize, rape, rye and wheat proved that seeds soaked in 
distilled water germinated best of all and that the capacity for germination 
was the more reduced, the more concentrated the solutions (potassium chlo- 
rid, sodium chlorid, (commercial) .sodium nitrate, potassium sulfate, potas- 
sium phosphate and calcium nitrate in a solution of 0.5 to 5 per cent.). Rape 
germinated in a 2 per cent, solution almost as well as in distilled water, 
while the other seeds were considerably impaired, even in a 0.5 per cent, 
solution. The development of the seedlings was considerably more lux- 
uriant in a 3 per cent, sodium chlorid solution than in distilled water. 

Fleischer- reports on an experiment made in East Prussia, in fertiliz- 
ing potato seed with kainit and superphosphates; a considerable number 
did not sprout and at the time of harvesting were found unchanged in the 
soil. The analysis of these tubers gave a content of pure ash nearly twice 
as great as the average values given in Wolff’s ash analyses. In a thousand 
parts of dry weight the ungerminated tubers, compared with normal ones, 
contained potassium in the proportion of 37 to 22. While the calcium con- 
tent was almost the same in the diseased and normal tubers, the magnesium 
was apparently twice as great in the former; the phosphoric acid almost 
double, and the chlorin content thirteen times as great as in the normal 
tubers. The sulfuric acid also increased to four times the amount in one 
thousand parts of dry weight, so that it is evident that exactly the elements 
of the kainit (potassium, sodium, magnesia, sulfuric acid and chlorin) had 
undergone an unu.sual increase in the ash of the unsprouted tubers. In the 
present case, the fertilizer was applied in the spring directly before the 
potatoes were planted, not, sometime previous to planting, as prescribed in 
the directions for the use of kainit. 

In Fittbogen's" field experiments with oats, which had been mixed in 
a gruel of superphosphate before sowing, the plot sown with candied seed 
yielded less than did that with unfertilized seed. If, on the other hand, the 
superphosphate was diluted with sawdust, the yield was the heaviest of all. 
Probably the sulfuric acid hydrate which often appears, together with 
phosphoric acid hydrate, also acts injuriously in direct contact with the 
superphosphate. Brugmann* also reports on the injurious action of fer- 

1 Tautphtius. V., Die Keimunp der Samen bet verschledener Beschaffenheit 
derselben. cit. Bot. Jahresber, 1876, II, p. 117. 

2 Beobachtunffen tiber den schftdllcben Einflnfa der Kainit- und Superphosphat- 
dUnsrung' auf die Kelmfahigkeit der KartolTeln. Biederraann’g Centralbl. 1880, p. 766. 

3 Deutsche iandwirtnebaftl. Presee 1877, No. 81. 

t Hannover’sehe landwirtsch. Zeit. 1881. No. 12. 
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. tiliers made soluble bv sulfuric aciH -j • j 

, a • r ' J ms action was verj- evident m dry 

spnngs, and, m fact, on wheat as well as on other cultivated plants. 

n seeds, the injurious effect of the “candying" will be the less felt the 
longer the seed lies m the soil, before sprouting, for then frequent rains can 
wash more of the fertilizing salt into the surrounding soil. This has been 
demonstrated in earlier experiments in Salzmiinde'. 


Over-Fertiuzed Beets. 

Common experience with present intensive beet cultivation, shows 
that an increased nitrogen supply increases the harvest in bulk, but reduces 
the sugar content. For this reason we will give only one proof that shows 
the importance of the form in which the nitrogen is applied. PagnouF 
analyzed three beets, of which the first (H) had been watered several times 
with a solution of (commercial) nitrate of soda; the second (J) with 
ammonium sulfate; while the third (K) represented a normal beet, har- 


vested at the same time. 

H. 

J. 

K. 

The harvest weight amounted to 

4145 ? 

2670c 

785? 

Density of the sap amounted to 
Percentage of sugar in the beet 

1.02() 

1.040 

1.046 

substance amounted to 

COj, and Chloral alkalies in too 
parts beet substance amounted 

3-9 

63 

8.3 

to 

The amount of these in too parts 

1.991 

0.924 

0.614 

sugar is 

28.0 

14.6 

9,8 


It is evident that with nitrogen fertilization the amount of fresh sub- 
stance harvested has increased three and a half to five times that obtained 
with normal cultivation, but the sugar percentage has fallen to one-half. 
The comparison of the effect of the nitric nitrogen with that of am- 
moniacal nitrogen is especially interesting. Menlioii was made above that 
the latter gives rise to a considerably greater ammonium content in the beet 
substance. 

Miiller-Thurgau’s recent experiments’ show that the nitrogen fertilized 
plants have a heightened respiration, which may well be the result of i 
heightened conversion of cane sugar into the directly reducing sugar. On 
an average every 6 beets contained 

Sugar, directly reducing, Cane sugar 
Beets rich in nitrogen 0.34 per cent. 8.27 per cent. 

Beets poorer in nitrogen 0.04 per cent. 14.39 P^f cent. 

An idea of the processes which arc initiated by a superabundant nitro- 
gen supply may be obtained from the statements of Pfeiffer-Wendessen*, 

1 Jahresber. f. Aaribulturcheinie 1865, p. 60. 

* Annates agronomiques 1876, p. 821. 

s B. Cberdtlngte Kartotfeln. p. 380. 

- * Bericbt iiber die Generalversammlung d. tandwtrtecbattl. Centralver, f. d. 

Herzogtum Braunschweig. Bmtter f. ZucRerrUbenbau 1886, No. 8. 
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who is of the opinion that in ‘any case the nitrogen is transformed into 
proteins, which, in combination with calcium, are decomposed into asparagin, 
glutamin and corresponding organic salts. These form soluble salts with 
calcium, which in turn are found again in the sugar e.xtractives, etc. 
Schultze also characterizes the incompletely utilized, intermediary nitrogen 
compounds as essential constituents of the syrup which impair the crystal- 
lization of the sugar. In the plant itself, as in sugar manufacture, the com- 
pounds here named may retard the precipitation of the sugar, and thus 
explain the condition of unripeness and of small sugar content in the over- 
manured beets. Besides the delay in ripening, the beets do not keep well 
when stored in piles. Phosphoric acid improves the quality; the juice of 
beets, which had been over-fertilized with phosphoric acid and badly 
polarized, contained the fewest elements which prevent the crystallization 
of the sugar. 

Good and bad experimental results have been obtained from top 
dressing chiefly with Chile saltpetre. This condition is observed in almost 
all experiments. Besides the quantity used, the result depends also on the 
way in which the plant utilizes the fertilizer. This differs greatly according 
to the variety, the density of the soil, the way it is worked, the locality and 
the weather. Reference should be made to Kuntze-Delitsch’s' observations 
on top dressing. He found that the soil easily forms a crust, causing the 
.young beets to die in spots because of a lack of oxygen, while the older 
ones develop poorly. In any case, fertilization with Chile saltpetre should 
be followed immediately by harrowing*. 

Opinions differ as to tlie advisability of using nitrogen fertilizers witlt 
seed beets. While it is asserted by some that the quality of the strain de- 
clines, Wilfarth”, on the strength of his experiments, contradicts this 
statement. 

Over-Fektiuzeu Potatoes. 

The effects of over-fertilizing potatoes witli nitrogenous fertilizers ate 
the same as for beets. Miiller-Thurgau’s^ results show for both that an 
abundant nitrogen fertilization causes a stronger leaf development with a 
greater chlorophyll content. At the same time, the formation of starch is 
impeded; the starch is more rapidly dissolved in the leaves, and smaller 
quantities are stored. The organs show a greater glycose content, the re- 
serve substances are more rapidly dissolved, the nitrogen compound? are 
more extensively transformed, while respiration is heightened and growth 
increased. 

A poorer keeping quality of the tubers is correlative with a lesser supply 
of reserve substances and their more rapid consumption in respiration. 

1 cit. Ze:'£chr. f. FttanzenkrankU. 18S6, p. 310. 

z The act, on of the perchlorate in the use of Chile saltpetre will be discussed 
under the section on Injurious gases and liquids. 

a W^ilfarth, tt.. Wirkt eine StickstottdUngung der Samenrdben schadllch usw. 
Zeltschr. d. Ver. Deutsch. Zuckerlnduatrle. Voi. SO, Fart S3S, p. S3. 

« Miiller-Thurgau, Dritter Jahresberlcht des pllanzenpbyslol. Laboratoriums d. 
Versuchsstat. Wkdensweil. Zurich 1834, p. 52. 
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“ifogen directly promotes decay, while that of calcium 
phosphate has an opposite effect. I planted in sandy soil, in alternating 
rows, pieces of healthy tubers from three varieties as different as possible 
Md also pieces from tubers suffering from black dry rot'. This field was 
divided into two halves absolutely similarly planted, of which one was given 
large amounts of Chile saltpetre on all the rows, the other Thomas slag. 
In the healthy seed, in the half fertilized with Qiile saltpetre, the tubers 
sprouted very imperfectly while almost all the diseased seed had decayed. 
The results obtained in the plot fertilized with Thomas slag were directly 
opposite. There the diseased seed yielded verj' uniform healthy plants. 

In the last named plot, plants from healthy and diseased seed of all 
varieties developed shorter shoots with more highly colored foliage. They 
ripened more rapidly and the harvest was nearly twice as large as from 
the plot fertilized with Chile saltpetreh 


With this might be associated also the phenomenon well-known in 
practical circles as iron spottednesr or the tnuiii-colored condition of pota- 
toes. Tubers outwardly normal have brown or brownish-gray places in 
their tissue in the fresh cross-section. In this, the rest of the flesh can be 
perfectly healthy and remain white, or, exposed to the air, may quickly 
assume a rusty red color. The spots originally discolored have brown, 
dead cell walls and many still contain starch. Often, and, in fact, when 
the cut surface subsequently turns red in the air, only traces of starch may 
be found in the diseased centres, but sugar is found instead. 

While some observers think the iron spottedness must be traced to an 
abundance of acid iron compounds in the soil, others arc inclined to be- 
lieve dampness to be the cause. Many discoveries show, however, that 
heavy fertilization with stable manure caused the iron-spotted condition in 
certain varieties, which, in the same year, with chemical fertilization, re- 
mained healthy’. Tubers which turn red, when cut, arc found most fre- 
quently where an abundant nitrogen fertilization is used. Hence one is 
justified in considering a multi-colored condition of the flesh to be an indi- 
cation of nitrogen over-fertilization. Tubers with iron spots, as a rule, 
yield healthy plants in the following year. 


Chii.k Saltpetre With Woody Plants. 

Janorschke* has investigated the phenomena of nitrogen fertilization 
without the addition of calcium and phosphoric acid. He found that plants 
with multi-colored leaves became greener for the first year or two. In 
dwarf fruits the branches continued to grow almost without interruption 
until August and even later, which thus prevented the setting of the blossom 
buds. Attention should also be called to the fact that the effect of the fertilizer 

1 Zeltachr, f. Pflanzenkrankh. 1894. p. 126. und 1896, p. 98. 

2 Zeitseb. d. Landwirtschaitskammer f. d. Prov. Schlesien 1899. 

» 8. Jahresberichte des Sonderausschusses ftir Pflanzenschutz, hprausgegeben 
V. d. Deutach. Landw.-Ges, 

* Zeitachr. d. Landwirtschaftakammer f. SchI«8ieD 1898, No. 34. 



392 


on trees does net make itself filt until the year following its application, 
but then has a continuous action up to the third year. From my own ex- 
periments, in which sewage was used, I consider the increased tendency of 
the fruit to decay, especially when it begins at the core, as well as the greater 
susceptibility to frost, to be the effect of a one-sided, excessive nitrogen 
fertilization. Calcium phosphate counteracts this evil. Experiments with 
apple trees, abundantly fertilized with saltpetre, showed that the fertilized 
trees suffered more from aphids than did unfertilized trees’. 

The foliage of Ailanthus glandulosa growing in well-fertilized positions 
became yellow and the branches blighted. On the cut surfaces of fresh 
branches Penicillium developed abundantly. The sugar content of the 
tissue at this place was very great. 

In orange plantations, fertilized trees tended to gummosis and the dis- 
ease called "Die-back" in. Florida is traced directly to over-feeding with 
organic nitrogenous compounds. These orange trees are said also to be 
more susceptible to insect attacks”. 

Over-Fertilization of Vegetables and Other Field Crops. 

Although our vegetables, as a whole, in their present form, are the 
product of a high degree of cultivation, and have adjusted themselves to 
abundant fertilization, we still often find cases of disease due 'to over- 
fertilization, especially where sewage has been used. There is a perceptible 
increase of the easily oxidizable substances which turn brown in the air. 
In this case, the walls of the ducts turn brown and, not infrequently, some 
of the ducts are filled with an inky fluid. Bacterial decay occurs frequently 
in over- fertilized plants. Peas and other Leguminoseae withstand least of 
all an excess of nitrogen while increased adaptation is found in some Um- 
belliferae, as celery for example. But even here the favorable amount is 
often exceeded in sewage bed cultivation. If the cut surface of fleshy 
root tubers becomes rusty, the tubers as a rule have lost in flavor. The 
more advanced stage, frequently found in vegetables shown in the markets 
of large cities, consists of an increased sponginess of the tissue and a greater 
brown spottedness. Such conditions and the bacterial decay, connected 
with them, manifest themselves in cabbage plants accustomed to nutrient 
solutions of the highest concentration. Under such conditions it is ad- 
visable to add calcium phosphate and to cultivate continuously. 

Owing to the increased use of rhubarb stalks as a spring sauce; the 
plants are being cultivated on sewage beds. In such plantations I observed 
cases where the unusually thick stems were absolutely insipid. Thus a 
scanty production, or a complete consumption of the organic acids, is con- 
nected with over-fertilization. In my opinion this regression in the amount 

1 FUnfter Jabresber. d. Grofsherzog;]. Obstbauachule su Friedbers i. d. W, 

2 Webber, H., Fertilization of the soiJ, etc. Yearbook U. S. IteDart, Aerie, 

for 1894. Washington 1895, p. 193. • 
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of acid associated with an excess of nitrogen iMy also be sought elsewhere 
and may be the cause of the rapid appearance of bacterial decay*. 

In the Cucurbitaceae (cucumbers and melons) a concentration of the 
nutrient solution, not dangerous in itself, can act injuriously if the temper- 
ature is continuously too low. In this case gum appears most abundantly 
on the iruit and connected with it a blackening of the ducts is also noticed. 

In tobacco culture, an excess of nitrogen manifests itself in- coarser 
, leaves and a larger nicotine content*. 

Mention has been made of the fact that sewage fertilization of grain 
may cause lodging and sterility. 

Excessivb Nitrogen Feriiuzation for Decorative Plants. 

Very numerous cases of this may be found. Besides fertilization with 
sewage and Chile saltpetre, or ammonium sulfate, horn shavings are ex- 
tensively used, especially for garden plants. Naturally we can cite only a 
few examples. 1 gave a few plants of Begonia semperfiorens an excess of 
ammonium sulfate. Four days after fertilization the young shoots became 
discolored at the base and began to drop. The edges of the leaves began 
to show dirty green areas which later became brown and dried up. These 
were connected with the healthy tissue at the centre of the leaf by 
a more transparent transitional zone. In the sun, the wilting became more 
rapid. The pith and bark were found to be filled with masses of calciufn 
oxalate ; the individual crystals were not as sharp as those in healthy speci- 
mens but more rounded like tubers. No starch was present in the diseased 
tissues and the chloroplastids were reduced to small angular grains. 
The ducts were frequently filled with a brown, granular content. The cell 
walls of all the tissues were brown. The contents of the epidermal cells of 
the leaves were brown and granular. Before the decomposition of the 
chlorophyll grains, brown drops were often found in the contents of the 
mesophyll cells. 

In Begonias, as well as in Pelargonium zonaie, the leaves discolor and 
fall off easily when dried. I found an unusual number of calcium oxalate 
crystals in the pith and young bark of the axes of diseased plants. The 
stems of the Pelargoniums contained in general fewer and smaller starch 
grains. They were almost entirely lacking in the bark parenchyma, while, 
in the over-fertilized plants, they were present in abundance. 

This is an example of the same phenomenon observed in potatoes and 
beets, — i. e., a poverty in carbohydrates. 

A slight fertilization with Qiile saltpetre, given to freshly rooted Pelar- 
gonium cuttings at first caused a very luxuriant growth. Later, because of 
frequent repetition, the effects became serious;— the leaves drooped, and 
brown decayed areas appeared on the stem just above the leaf bud. In a 
a short time these spots encircled the entire stem. Then the leaves fell and 

> S«e Action ol oxalic acid, p. *61. 

s Schellmann, W., Der TabaR und seine Nahrungsansprache. "Der PBanzer.” 
j^erausg. Usambara-Post 1905, No, 5. 
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the whole aerial axis died back to a short s^ump. New, weak shoots then 
began to sprout. We have cited this example, in order to show that the 
effect of over-fertilization, although it takes place through the soil, does not 
make itself felt at first at the base of the axes but on the peripheral organs, 
the leaves. 

In comparative experiments with Fuchsia cuttings’, a continued fer- 
tilization with small amounts of ammonium sulfate resulted in a noticeable 
increase in growth and an enlargement of the leaves. The epidermal cells 
of the leaves had thinner walls and the wood ring of the branches made a 
weaker development. The starch content was smaller, the chlorophyll con- 
tent larger, the period of growth lengthened. When the fuchsias Wfre 
protected from autumnal frosts, by being brought into a greenhouse, they 
had time to ripen normally, and the differences as compared with unfer- 
tilized plants disappeared. The fertilized ones had rather the advantage 
in a greater growth. Here we have a result such as is evident in growing 
fodder beets. The addition of large amounts of nitrogen retards the ripen- 
ing process. If the plants can reach maturity before frost, so that the leaves 
'ripen normally,, we obtain the desired results from fertilization, i. e., the 
production of greater amounts of material, with a normal supply of reserve 
substances. But, as a rule, the climatic conditions prevent the termination 
of growth and winter finds the organs in an immature condition. 

The disadvantage of harvesting insufficiently matured plants has been 
emphasized under “agricultural crops.” Such plants have a greater tendency 
to decay. 

The same results were obtained with comparative fertilization experi- 
ments with Erica. The red blossoming varieties developed less vividly red 
or almost bluish red blossoms in the series of experiments with a one-sided 
nitrogen fertilization; their habit of growth was more drooping and the 
blossoms set less abundantly. The fertilized specimens suffered so greatly 
from Botrytis cinereo in winter that most of them died, while unfertilized 
plants of the same varieties from the same place came through the winter 
uninjured. Bluth’ carried out an experiment which showed the effect of 
a highly concentrated solution of all the nutrient substances. The Ericas, 
in the second year of cultivation, were given continued supplies of a one- 
tenth per cent, solution of Wagner’s nutrient salt. After ten to twelve days the 
leaves became a darker color and their growth stronger, but the plants 
showed a greater sensitiveness to the action of the sun and drought, in com- 
parison with many hundreds of unfertilized specimens of the same variety. 
The new lateral shoots of certain tender varieties (£. hiemalis, E. congesta, 
etc.) developed a drooping and often curved habit of growth. Hard 
needled varieties (£. blanda, E. mediterranea, E. verlicillata, E. mamntosa) 
retained their erect habit of growth but the buds set in a strikingly small 

1 Sorauer, P., Elnfluss einseltiger SticKstoCfdtingung. Zeitschr, f. Pflanzen> 
krankheiten 1897, p. 287. 

* Zeltachr. f. Pflanzenkrankh. 1895, p. 188. 
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number, or not at all, while tlte branches continued growth. Here too, for 
the most part, the iertihied ptants died during the winter trom Botrytis. 
In other fertilization experiments, made with horn shavings on Ericas, 
there was o luxuriant leaf devetopnent at the expense of the blossom buds, 
but the fertilized plants, during the winter, showed no greater weakness. 

From the many instances which have come to my notice, 1 must state 
the frequent “failure of forced Lilies-of-thc-y alley," as due to an excessive 
nitrogen fertilization. Chile saltpetre and ammonium sulfate are often 
used when the plants are grown for two years out of doors. 

The plants grow more luxuriantly and their very strong (mostly blue- 
tipped) "pips" (bud-cones) deceive the buyer; the formation of the in- 
florescences, however, is weak. Such plants force with great difficulty and 
frequently bear flower clusters in which some buds do not mature. Com- 
parative experiments made by Koopmann' showed very interesting differ- 
ences in forcing. When kainit was used as a fertilizer in growing the 
plants, the flower clusters developed first and the leaves followed very 
slowly, — on the other hand, when ammonia was used the leaf growth was 
so luxuriant that the flower clusters were entirely hidden by the leaves. Iff 
general, potassium may be recommended as a fertilizer for Lilie«-of-the- 
Valley. 

A further injurious effect could be determined for Roses. I have be- 
fore me observations showing that tea roses, among others, Marechal Ntel 
and Nyphetos, grown indoors, drop their buds after heavy fertilization, or 
decay at the point where the calyx passes over into the stem. When dis- 
eased plants had been repotted in a sandy soil poor in nutrients, normal 
blossoms developed in the following year. I observed similar phenomena 
of decay in Bourbon and Remontant ro.sesin the open after sewage fertiliza- 
tion. Here, an application of gypsum gradually decreased the disease. 

In other garden plants, even in ivy, I had opportunity to observe phe- 
nomena of decay after an excess of nitrogen (usually in the form of sewage 
fertilizers, liquid manure, Chile saltpetre and ammonium sulfate). In the 
majority of cases, I have recommended transplanting the plants into pure 
sand or a very sandy leaf loam for a year and have tried it myself repeatedly 
with good results. 

Leaf Curl of the Potato. 

We will include here this disease so well-known to potato growers and 
so often studied scientifically ; the causes of which, however, are still un- 
known. The reason for considering leaf curl here is the deduction from 
my observations that diseased shoots show characteristic evidences of one- 
sided nitrogen fertilization. Direct results are not involved here, only the 
after effects in the following year. The parent tuber is either immature in 
a few eyes, or entirely so. In the following year a diseased condition de- 
velops in all of the shoots or only in some of them. This limitation of the 

1 Zeltschr. t Pflanzenkrankh. 1894, p. 814. 



396 

attack is to be emphasized, because, at times, up to the present, observers 
have emphasized especially that all the stems on a tuber become diseased, 
i. e. that the cause of the disease must lie in the whole tuber, while my 
observations have shown beyond question that the diseased condition may 
be limited to a few eyes. 

According to Kiihn', the disease appeared as an epidemic first in 1770 
in England and in 1776 in Germany, causing extraordinary losses. The 
first symptom is the discoloration of the leaves which no longer have the 
fresh appearance of healthy plants. The main leaf stem is ushally found 
bent downward or completely rolled up; the various leaflets are folded, 
curled here and there and covered with brown, usually longish spots. The 
latter extend as far as the main rib of the leaf and finally to the stem. At 
first only the superficial cells are brown, later the disease extends deeper 
into the tissue, even to the pith of the stem. This changes the consistency 
of the stem from a normal flexibility to a glassy brittleness. In addition, 
according to Schacht, sugar is found very abundantly in the diseased cells”. 
If such plants live until harvest time, they either set no tubers at all or only 
a very few. 

In the earlier literature, very different .causes (including parasitic 
fungi) are given, as shown by reference to the previous edition of this 
manual. Newer theories may be found in Frank’s’ study. He distinguishes 
a number of different forms of the disease and, agreeing with me, states 
that the very beginnings of the diseased condition do not show any fungous 
action. The cause of the death of the protoplasm in the various brown 
tissue centers is not known. Differing from my observations, however, 
Frank emphasizes “that all the shoots of a plant became sick simul- 
taneously*.” 

In making more extensive cultural experiments, using several varieties, 
and directed especially to the study of leaf curl, I found that the phenom- 
ena of disease appeared initially only in one variety {Early Puritan). The 
diseased plants, scattered among the healthy ones, made only a third as 
much growth and showed the well-known characteristics, especially the 
breaking of the curled leaves. Small corky fissures were often found on the 
petioles. The first stages of the disease on the stems were found in one of 
the intemodes below the surface of the soil, where a blackening of the duct 
walls could be determined. This characteristic can be traced back, radiating 
more or less deeply into the tuber which otherwise seems healthy. This 
shows that the tuber has not carried the disease to the shoot but, conversely. 
In the same way, the browning of the ducts radiates out from the diseased 

1 Kiihn, Jul., Krankheiten d. KuUurg^w&chse. 1858. p. 200. — Ber. aua. d. 
phyalolog. Laborat. d. landwirtsch. Instituts zu Ha2]e.'l872, Part 1, p. 00. 

3 Bericht an das Kgl. Landesbkonomiekolleglum dber die Kartoflelpflanze und 
und dersn Krankheiten. 1854, p. 11. 

> Frank, A. B., Die pUzparasltdren Krankheiten der Pflanzen. Breslau 1806. 
p. 800. — Kompfbuch gegen die Schfidlinge unserer Feldfriictate. Berlin, Farey, 
1897, p. 217. 

4 Kampfbuch p. 222. 
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stem node into the roots, produced at that point, and may be found in the 
whole part of the axis which is still green, up to the ribs of the last leaves. 

Especially striking is the sap turgescence in the apparently perfectly 
healthy parent tuber which exhibits some cells with large unconsumed starch 
grains. The groups of cells containing the starch lie scattered in the very 
turgescent parenchyma of the tubers, which show's scarcely any traces of 
solid cell contents, while the nuclei are large. 

It is further noteworthy that, just as healthy and diseased shoots may 
be produced from one tuber, the characteristics of disease on the same stem 
can often be restricted to definite areas. Healthy eyes may develop on 
diseased stems and diseased stems arc found in which only half of the vas- 
cular bundle ring is blackened. 

Thus, like other diseases connected with the discoloration of the ducts, 
leaf curl begins to manifest the first symptoms of disease at the periphery. 
The cuticle blackens most of all. The cell contents began to change color 
at first to a weak inky color, until the walls and contents have become uni- 
formly brown, after which the epidermal cell collapses. 

Where the epidermis borders on the collenchvmatous tissue, the dis- 
coloration advances in its walls. They become slightly yellowish at first, 
then reddish yellow (in some varieties a peculiar blood red), and finally 
brown. This discoloration of the walls, w-hich seems to spread rapidly 
tangentially, recalls enzymatic activities. 

The further course of the disease differs in the different varieties, 
probably because the cell walls vary in construction, some being more loose- 
ly built, others more solidly. Tn Farly Puritan it was observed that the 
browned cell walls coukl be attacked by a granular dicay, in which small 
rod-like bacteria probably participated. In these cases the. tissue disap-, 
peared, while holes and depressions appeared in the' bark tissue of the 
stem and mycelium was found. In Parly Puritan the depressions deepened 
to the wood ring and, as the disease advanced, their pressure could be dem- 
onstrated even on the still green tips of the stems. The browning of the 
ducts, however, did not proceed from them; it began at the base of the 
stem and spread only in the vascular system. At the torn places processes 
of healing often manifested themselves in the pouch-like elongation of the 
adjacent, healthy bark parenchyma cells. 

The statement given above, that the symptoms of disease do not uni- 
versally appear uniformly relates, for example, to the appearance of brown 
specks on the uncurled leaves. However, in the petioles of these leaves 
there is exactly the same pale inky filling of the ducts which, in some cases, 
thickens to a grainy slime ; the walls of the ducts also are browned. 

The characteristics here described occur separately also in other plants 
with an excess of nitrogen. If these symptoms are compared with the re- 
sults of earlier observations, leaf curl may be described as follows. The 
diseased condition appears most luxuriantly and abundantly on tender early 
varieties. The harvested tubers are immature, being distinguished by a 
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smoother skin, a lower starch content and a considerably higher potassium 
content. They are also smaller in size and have a smaller dry weight. Under 
favorable conditions, healthy plants may often be grown from such tubers. 

Among the characteristics given, we have emphasized the length of the 
existence of the parent tuber, which remains turgid and retains starch, 
because Hiltncr* has recently described such a case belonging here and, in 
fact, a partial subsequent enlargement of the parent tuber. Different people 
have made the same observations. In Hiltner's case it was also observed 
that the plant.s ])roduccd from the turgid tuber developed no tubers below 
the soil, attached to the stolens, but bore them directly on the lower inter- 
nodes of the green stems. These stems, however, were only half as long 
as in normal plant.s and bore leaves, rolled together, which reminded Hiltner 
of leaf curl. He thinks that these processes are a result of the use of im- 
mature tubers for seed. These tubers, after developing the stem, had uti- 
lized in their own further growth the material obtained by the action of 
the leaves. Naturally too little organic substance remains for the tubers of 
the current year. 

If we accept Hiltner’s theory as to the production of tubers which re- 
main turgid, we can infer that leaf curl results from the use of unsuitable 
seed. The tubers were not sufficiently matured in the previous year. This 
nutst also make itself felt in the full development of the individual eyes. 
While the majority of these had time to develop normally, some may have 
remained immature and have retained this character when sprouting in the 
following year. This will explain the fact that often only isolated shoots 
are found which show leaf curl. The characteristic of immaturity is the 
marked abundance ef potassium and nitrogen compounds with . a scanty 
deposition of carbohydrates as resen'c substances. We find such conditions 
favored by the use of fresh manure with early varieties and drought stops 
the growth of the tubers prematurely. 

If an over-supply of nitrogenous compounds, not normally utilized, 
determines the appearance of leaf curl in the potato, the shrivelling disease 
of the mulberry tree, and other di.seases, to be mentioned under “Enzymatic 
Diseases,” then the symptoms of the blackening of the ducts and rapid 
bacterial infection, already found, may be explained easily. 

This theory' is further supported by a study made by AppeE, who, under 
the name "Bacterial-ring disease," describes the phenomena which often 
suggest leaf curl. He makes bacteria responsible for the ring disease 
and “indeed, as in black-leg, not one species alone but a few closely re- 
lated forms.” “These bacteria are undoubtedly present normally in many 

soils ” Influenced by these statements I should like to include 

bacterial ring disease under those diseases in which a constitutional weak- 
ness in the plant and not a parasite determines the phenomenon and favors . 

1 Hiltner, I*. Zur Frage des Abbaues der Kartoffeln. Prakt. Bl. f. Pflanzen- 
bau und Pflanzenschutz 1906, Part 12. 

* Appel, O., Die Bakterien-Ringfkrankbeit der Kortoffel, Flug'blatt 36 d. Kais. 
Biolog. Anst. Dahlem. 1906. 
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especially the spread of the bacterial infection. These conditions are simi- 
lar to those described as leaf curl, in which I likewise have observed decom- 
position of the tissue by bacteria. 

It thus seems that we have before us a whole group of potato diseases, 
with the common characteristic that the ducts turn black. This mav he 
traced to the fact that incompletely consumed nitrogenous compounds make 
their influence felt in an in.sufficient development of the carbohydrates. 

Wc: must seek to overcome this condition to the best of our ability by 
fulfilling the requirements for a gradual, complete ripening of the tubers 
on the plant. 


d. Excess of Calcium axd M.aonesium. 

In addition to the observations on the use of lime as mentioned in 
earlier sections, we will emphasize here first of all Orth’s' warning that it 
should be supplied to the field in small, frequent doses rather than in one 
heavy application. 

Of course, an excess of calcium cannot be determined exactly by defi- 
nite figures, since the demand of each plant and each field is different. Also, 
in adding the lime it does not depend at all on the absolute amount of cal- 
cium supplied but on the proportion to the other nutrients of which the 
calcium influences the solubility and capacity for transportation. Finally, 
the weather conditions at the time the lime is applied must be considered. 

Hoffmann', from his broad experience, has given many warnings which 
are of utmost value practically. Calcium is injurious when used in large 
amounts on e.xhausted soils. On lighter, active soils, poor in humus, during 
dry springs, it loosens and dries the soil too much and disturbs the bacterial 
action. If it is used in the form of marl, it must first be well decomposed 
in the air, in order that possible injurious elements can be o.xidized at the 
right time. Calcium acts detrimentally in continued drought, and also with 
stagnant water if it, in the form of so-called "water-lime, is mixed with a 
good amount of silicic acid, ferric oxide and clay. In w'et weather, it be- 
comes as hard as cement. 

But even under normal conditions, calcium may be detrimental. We 
must not forget that, together with the desired effect of decomposing organic 
substances, containing nitrogen, and of transforming the ammonia produced 
into calcium nitrate, ammoniacat compounds are set free. If ammonium 
nitrate or ammonium sulfate is mixed wdth calcium carbonate or phosphate, 
it produces the very soluble calcium chlorid and gypsum and ammonium 
carbonate or phosphate. In Wagner’s' experiments (Darmstadt), the loss 
of nitrogen, produced bv the volitalization of ammonia, was observed to be 
30 per cent, of that in a fertilization with nitrate. The same losses are pro- 
.duced very easily, if the soil is rich in calcium carbonate, if the ammonium 

1 Orth, A.. Kalk- und MergeldUngung. Anleitunjr, im Auftrage d. Deotach. 
Landw.-Ges. Berlin 189S. 

2 Hofbaann, M., Dtinffungsverauche mit Kalk. Arb. d. D. lAnaw.-Gea. Part 106. 

* Zeitschr. der LandwirUchaftakamtner t d. Prov. SchleBlen. 1904, p. 1668. 
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salt is only superficially worked in so that the sun and wind have abundant 
access to it. Then the free ammonium carbonate, produced by the trans- 
formation of the fixed ammonium sulfate, can be removed from the field 
very quickly. 

■Sandy soils, which at the time are rich in calcium, are on this account 
not suited for an ammonia fertilization, especially not as a top dressing. 
This explains why quick lime should not be brought directly into contact 
with stable manure or other ammonium fertilizers. 

Besides these reactions, lime also acts on phosphoric acid. This action 
must not be underestimated. The action of the phosphoric acid on super- 
phosphate, which IS soluble in water, is impaired by the simultaneous use 


S up erphoa phate 



FIs. eii. the favorable and unfavorable mutual 

relations of fertilizers to each other. 


1 ‘i^ic in Thomas slag, soluble 

m citric acid. The destructive effect of lime on phosphoric acid is greatest 
when used with ground bone. grvaiesi 

It may be the place here to refer to the mutual relation of fertilizers in 
order to avoid using them in such a way as to impair their action. Instead 
of more engthy descriptions we will reprint a figure borrowed from the 
Practical Advisor m Fruit and Garden Culture,” 1906, No. 17*. 

I" ‘h's diagram, the thin connecting lines signify that the various kinds 
of fertilizers may always be mixed together. The fertilizers, which appear 
connected by double lines, may be mixed with one another only very shortlV 
before spreading; while those fertilizers connected in the figure with thick 
lines may never be mixed together. 


"Praktischen Ratgeber Im Obat- und Gaiienbau.” No. 17, 


1906. 
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The poisonous effects of an excess of Miapnemm and the associated 
theory given by Loew, as to a definite quantitative relation between calcium 
and magnesium in the soil for obtaining good harvests, have been con- 
sidered already in the section on "I,ack of Calcium” (p. 301). Recently 
Loew* has supplemented his earlier statements by calling attention to the 
fact that the favorable quantitative relation between calcium and mag- 
nesium in the soil cannot always be fixed by definite figures. It changes as 
soon as the two bases are made accessible in different degrees for absorp- 
tion by the plant. 

Loew's theory is contradicted by experiments made by Meyer*. The 
emphatic fact here is that heavy additions of calcium as well as of 
magnesium can greatly impair the yield. Naturally the various plant species 
behave very differently with the same fertilizer. Given the same quantity 
of magnesium, the grain and straw yield of oats was lessened, but that of 
rye was not decreased. 

Gossel*, on the basis of his own experiments, also considers Loew’s 
point of view to be incorrect, yet we think it, nevertheless, worth consider- 
ation. Too much faith must not be put in definite figures because each 
cultural experiment offers different conditions. A constant effort must be 
made to overcome the injurious effects of the magnesium compounds when- 
ever brought into the soil in great quantities in the fertilizer. Of first im- 
portance is the great quantity of magnesium chlorid spread on the field with 
the so-called “waste salts” which reduces the sugar content of beets, the 
starch content of potatoes, etc. An effort must be made to combine the non- 
absorbable chlorine with a base, especially calcium, so that it can be washed 
easily into the subsoil. 

Finally attention must be called to the fact that the same amount of 
calcium acts injuriously at one time and beneficially at another, according 
to whether it is added in the forms of calcium carbonate or calcium sulfate. 
Thus, for example, .Suzuki*, found in vegetative experiments with moun- 
tain rice, that the yield was considerably reduced by an excessive ad- 
dition of calcium carbonate (the proportion of calcium to magnesium was 
as 3:1), even if phosphoric acid was present in an easily soluble form. On 
the other hand the addition of an equivalent amount of aypsum caused an 
unusual increase in the yield, especially of grain. From this experiment, 
however, it is evident that the injurious action of an excess of calcium is not 
always to be sought in a decrease in the looseness of the soil as compared 
with that found after the use of slightly soluble phosphoric compounds, but 
probably has its foundation also in the neutralization of the root acids. 

1 Loew, O., and Aso, K.. ttber varschledene Grade der Aufnahmefahlffkeit von 
Pflanzennahnstoffen durch die Pflanzen. Bull. College of Agrric. Tokyo. Imp. Univ. 
Vol. VI. No.* 4, cit. Centralbl. f. Agrlk..Chemle 1905, p. 594. 

* Meyer, D., Untereuchungen Uber die Wlrkung verschiedener Kalk- und 
Magnesiafonnen. Landw. JabrbUoher Vol. XXXni, 1904, p. 871. 

8 GiJssel, Pr., Bedeutung der Kalk- und Ma^eslaaaJze fUr die Pflanaenemah- 
ninp. Vortrag auf d. 75. Naturf. Vers. (s. Chemlkcrz. 1908. No. 78). 

* Suzuki S.. tJber die schadllche Wlrkuns ejner zu starken Kalkung des 

Bodena. Bull. College of Agric. Tokyo, Imp. University. Vol. VI. dt. Centralbl. 
f. Agrlk.-Ch6in. 190B, p. 588. ^ 
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By neutralUifKj the acids of the plant roots the available phosphoric 
acid will not be so largely absorbed.' The great difference between the 
action of calcium carbonate and that of gypsum is due to the fact that 
gypsum is taken up from the soil only so far as it is soluble in water (i. e. 
in the very slightest amounts), while the absorption of the carbonate by the 
plant depends upon the carbonic acid of the root. 


IL.xckss of Calcium With Grapf.s. 


Since the introduction of grapes grown on- budded American vines 
there have been very many complaints of Jaundice. The disease is de- 
scribed usually as “Chlorosis ” ; but according to my conception it must be 
called "Icterus." 

Of course, the causes of the yellow condition of the foliage of grapes 
may differ very greatly, as in other plants. Very frequently, root decay, 
occurring with or without fungi, plays a role in heavy soils. Vitis Riparia 
and V. rupcstris, with their weaker root systems are especially sensitive to 
such soils, while varieties with strong roots (Jacquez, Herbemont, etc.), 
better adapt themselves'. .American vines, however, are grown with great 
difficulty on soils containing a great deal of calcium in an easily roluble form 
ajd not rich in nutrients. In France it was possible to collect the greatest 
amount of information on this subject. Luedecke' repeats the results of 
soil investigations which the agricultural society of Cadillac undertook in 
1890. The soil which showed no jaundice of the vines and that which 
showed jaundice contained 


Phosphoric acid 
Potassium 
Calcium 
Ferric o.xld 
Nitrogen 


No jaundice 

0.07 per cent. 
0.39 per cent. 
1. 8 1 per cent. 
5.90 per cent, 
o.io per cent. 


jaundice 
0.06 per cent, 
0.37 per cent, 
18.93 per cent. 
3.02 per cent. 
0.10 per cent. 


The content of both soils in nitrogen, potassium and phosphoric acid, 
therefore, is about equal ; the ferric oxid percentage is high in both, but 
the calcium is nearly ten times a.s great in the soil producing jaundice. In 
the fertilization experiments undertaken with Chile saltpetre, ammonia,, 
superphosphate, potassium chlorid, magnesium sulfate and iron sulfate 
(ferric sulfate), only the last gave any satisfactory results. In this ex- 
perimental plot, the vines formed a great many new roots. The same re- 
sults were again obtained under similar conditions on soils naturally rich 
in iron, in which, therefore, the favorable action of fertilization with iron 
sulfate cannot be ascribed to a previous lack of iron. 


1 Eger, E., Unterauchungen Qber die Methoden der SchStdlingsbekampfung 
U8W. Berlin, Paul Parey, 1905. 

2 Luedecke In Zeitschr. f. d. landw. Ver. d. Grosshorz. Hessen 1 W 2 , No. 41, 
1883, No. 2. 
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Such results, proving that jaundice of the grape is due to a high calcium 
content are found^ frequently as are also observations as to the effectiveness 
of the iron sulfate. 

The question now is, how to explain the injurious effects of calcium 
and the beneficial action of the so-called iron compounds. Luedecke foiind 
that the water coming from the lime soils of Rhenish Hessen has an alkaline 
reaction, and he found that with an addition of some iron salt (iron stilfate 
or ferric chlorid), the iron was precipitated. He. therefore, came to the 
conclusion that, since plants are able to take up iron only in a dissolved 
form, and since the alkaline water prevents its solution, the grajie vines 
suffer from a lack of iron in spite of the great amount of it in the soil ; they, 
therefore, become icteric. Viala and Ravaz noticed the Injurious action of 
lime in a neutralization of the cell sap of the rmrts-. 

Until we have the results of further experiments, we must be satisfied 
with the fact that large amounts of aiirily sohiHe calcium compounds will 
produce icterus of the grape, and that abundant additions of Iron sulfate 
have often been found to be useful in combatting it. It is now of the first 
importance to consider that the affinity of the sulfuric acid of the iron com- 
pound for calcium is great and forms gypsum which, only slightly soluble, 
is proved to be non-injurious, or even beneficial to growth. 

Eger* cites Oberlein-Beblenheim’s experimental results, showing thai, 
on rich soils, fertilization with gypsum considerably increases the yield, 
Since the addition of gypsum, made at the same lime to poor soils, remains 
absolutely without result, the favorable action of the gypsum may proliably 
be ascribed to its power of loosening up the soil. 

e. Exci-ss OF Potassium. 

Reference has been made already to the danger to soil constitution of 
a continued heavy potassium fertilization, and in this It was em])hasized 
that lighter soils and moor soils responded more favorably to the addition 
of potassium. Recently, however, Hollrung has calleil attention to anotlier 
disadvantage of all fertilization with mineral salts. — therefore, of potassium 
salts also. He refers to Hall’s experiments, showing an absolute change in 
the water conditions in the soils. Hall determined (after iSfl6) the num- 
ber of days in one year in which drainage flowed from an unfertilized field, 
as contrasted with one constantly fertilized with Chile saltpetre. The 
longer the drainage flows, the more water is removed from the field. Al- 
though the results fluctuated in the several iwriods of five years each, which 
he compared, yet as a whole for the entire length of time, they indicated 
that in the “salted soils.” larger amounts of water had passed into the 
drainage through the subsoil. This makes possible conclusions as to an 
unfavorable transformation of the soil. 

t See V. Babo and Mach, Handbucb dea Weinbaues and der Kellerwlrtschaft 
(a. Effer). # 

2 See 

a Loc. dt p. 84. 
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The effect of potassium salts on the plant depends on the form of the 
fertilizing salt and the soil on which it is used*. The question .arises here 
as to the part played by the accessory salts incorporated in the soil with 
the addition of potassium. At present, kainit and the 40 ‘per cent, potas- 
sium salt are used more extensively. With kainit, 3^4 cwt. should be used 
if one desires to add as much potassium as is present in one cwt. of 40 
per cent, potassium salt. .Among the accessory salts introduced in the 
kainit, sodium chlorid plays a prominent role. Besides this, magnesium 
sulfate and magnesium chlorid come under consideration. The individual 
plants behave very differently with sodium chlorid. Its effect on stigar 
beets is very good, but potatoes are very sensitive to it*. The results with 
sugar beets, however, are rather deceptive. According to Aducco and 
Wohltmann's experiments, the amount of beet substance harvested is in- 
creased, but the quotient of purity and the sugar content are reduced. 

On account of the accessory salts, .Schneidewind and Ringleben' tested 
raw potassium salts with different potassium compounds as contrasted with 
the highly concentrated forms. It was shown for a mixture of clover and 
grass, and for oats, sugar beets and potatoes, that kainit was superior to 
potassium chlorid and potassium sulfate, if .sufficient amounts of calcium 
carbonate were present. If these were lacking, opposite results were ob- 
tjiined. If the slightly soluble gypsum was used, instead of calcium car- 
bonate, kainit proved to be especially injurious for the mixture of clover 
and grass, but less so for oats. _In potatoes the action was favorable if the 
soils were poor in potassium. With an increase of potassium, the effect of 
excess became evident, i. e. the starch content was lowered. Szollema* 
found that the decrease of starch, effected by the chlorid, which is connected 
with a greater abundance of water, was somewhat greater in the varieties 
of potatoes naturally rich in starch than in those poor in starch. 

When plants are very sensitive to the chlorine compounds of the raw 
potassium salts, as, for example, kainit, the loss of potassium by its partial 
leaching from the soil during the autumn and winter, is really an advantage 
in so far as many of the dangerous aece.ssory salts (sodium chlorid and 
magnesium chlorid), are washed out at the same time; therefore, while 
actually less potassium remains in the soil, it becomes more effective, be- 
cause it is in a purer form. This leaching of the potassium must be taken 
into consideration in soils with only .small amounts of calcium and other 
such absorbents, as, for example, in light, sandy, and moor soils'. 

Concerning the disadvantageous effects of potassium fertilization on 
cultivated plants, other than those already named, we will mention further 

1 Biattf'r fiir Zuckerrtlbenbau 1905, p. 62. 

2 Blatter fflr ZuckerrUbenbau 1905. p. 89. 

3 Schneidewind, W., and Ringleben, O., Die Wirkung der Kalirohstoffe und 
der reinen Kallsalze bel verachledeiien Kalkformen. Landwirtsch. Jahiib. 1904. 
Vol. XXXIII, p. 368. 

* Szollema, D., tiber den Elnfluss von Chlor- 'und anderen In den Staasfurter 
Rohaalzen vorkommenden Verblndungen etc. cit. CentralbJ. f. Agrikultur-Chemie 
1901, p. 6ie. 

Schneidewind, Auswnschen des Kalis im Winter. Zeltschr. d. T.iandwirtschafts- 
kammer f. Schlesien 1904, No. 14, p. 471. 
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the effect on Tobacco observed by Behrens*. His experiments, showed 
that the water content of the leaves increased considerably if potassium 
sulfate was added to stable manure and that this hastened greatly the decay 
of the leaves which dry with difficulty in the air. This probably is con- 
nected with the increase in turgor observed by Copeland, which is due to 
potassium salts (Potash). Sodium salts (soda) did not show this physi- 
ological reaction*. 

The complaint of farmers that continued potassium fertilization re- 
duces the quality of pasture plants so that animals fed with such hay, 
grow thin, should be considered here. Even if the statement that this ex- 
cessive action occurs is still contestible, nevertheless it is true, that a de- 
crease in flavor has been observed in the hay from fields repeatedly fertili:tcd 
with kainit, or with kainit and Thomas slag*. 

The injuries appearing in different field crops and fruit trees are gen- 
erally the result of an unexpcdient use of potassium salts, a practice often 
followed by serious injury*. These will best be prevented by not using 
potassium in large amounts on heavy soils, by not spreading the salt with 
the seed, by repeated, smaller applications of potassium and (in plants 
especially sensitive to chlorine, as, for example, potatoes) by the use of the 
40 per cent, potassium salt, and of other purified, highly concentrated com- 
pounds, instead of the commercial salts. , 

The frequent use of potassium in small quantities is often beneficial 
because the calcium in the soil water, containing carbon dioxid, will be 
more easily leached out the more potassium salts are added to the soil, since 
the calcium is converted by them into soluble compounds. Hoffman* 
recommends the use of a high per cent, commercial marl, where possible, 
and its application in at least 5 to f'/i double centner* per acre. If the 
soil is liable to become encrusted (“be baked"), at least z'/z double 
centner of quick lime should be turned under superficially in the autumn 
and repeated possibly four years later. 

f. Excess oe Phosphoric Acid, 

Injuries due to an excess of phosphoric acid are rare. They can only 
be expected where superphosphates are used abundantly, i. e. where some 
phosphoric acid, soluble in water, is present. The phosphoric acid of 
Thomas slag, soluble in citric acid, is less mobile. However, even the phos- 
phoric acid, soluble in water, passes over immediately into an insoluble 
form since the di-phosphates of calcium, magnesium, aluminum and iron 
formed in the soil, are dissolved only very slowly by the carbon dioxid of 

1 Behrens, J., Weltere BeitrS^ge zur Kenntnis der Tabakspflanze. laandw. 
Verauchastationen 1899, p. 214. 

2 Bot. Jahresber. 1897, I, p. 72. 

* Mitteilungen d. Deutsch. Landw.-Ges. voiti 11. Wkiz 1906, 

4 Clausen. Resultate von ObstbaumdUngungen.. Landwlrtschaftl. Jahrbdcher 
VoL XXXm, p. 939. 

s Hoffmann, M.. Die Kallsalze. Auleltung. Herausg. v. d, Deutsch. Landw. 
GeseUsch. 3d ed.. 1906. 

s A double centner equals 220 lbs. 
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the soil and the acid secretions of the roots. Injury from superphosphates 
is, therefore, to be feared even with heavy applications only on soils which 
arc poor in calcium, iron and aluminum carbonates. There are only a small 
number of e,x]>eriments on this subject. The careful investigations, made 
at the experimental station in Bemburg, on sugar beets’ fertilized with the 
monobasic calcium phosphate, i. e., excess of phosphoric acid soluble in 
water, have shown that the sugar content does not decrease and also that 
the amounts of beet substance and non-sugar have remained the same as in 
normally fertilized beets. 

So far as my own experience goes, an excess of phosphoric acid may 
manifest itself in a shortening of the root system, — the usual result of 
culture in all highly concentrated solutions, and also in shortening the 
vegetative period with a premature ripening of the crop. The plants do not 
develop fully, the leaves turn yellow prematurely, and, accordingly, the 
yield is smaller than it would otherwise have been. 

g. Kxckss or Carbon Dio.xid. 

Experiments on the effect of carbon dioxid content in the air and soil, 
greatly In excess of the normal, have led to contradictory results. While 
^ome observers have recognized only injurious effects, others report a 
satisfactory development. These apparent contradictions may be due to 
the fact that with carbon dioxid, as with all other nutritive substances, the 
effect depends upon how simultaneous the activity of all the other growth 
factors may be. The activity of the plants is generally adjusted to the 
small normal carbon dioxid content of the air-. They sometimes respond 
to a greater increase of carbon dioxid by arresting growth, sometimes by 
increasing it, depending upon whether the carbon dioxid increase occurs 
suddenly, or gradually, and whether the amount of light and warmth, water 
and nutrients permits the individual utilization of the increased amount of 
carbon dioxid. Godlewski’ has substantiated this point of view by 
experiment. 

Our hot bed plants furnish abundant proof of the favorable affect. 
According to E. Demoussy’s investigations’, this is due not only to an in- 
creased warmth, but actually also to an increase of the carbon dioxid in the 
air of hot beds, sometimes amounting to more tli^ two thousandths parts. 
In comparative cultures, the air of the hot bed, which after careful testing 
showed no ammonia, had furnished nearly three times the harvested weight 
of plants grown in ordinary air under otherwise similar conditions. 

1 See lecture by H. Roemer: cit. Blatter f. Zuckerrtibenbau 1905, p. 229, 

2 Brown, F., and Escombe, F,, Der Einfluss wechselnden KohlenstLuresehaltea 
der Luft auf den photoeynthetlschen Prozesa der Bltltter und auf den Wachstume- 
modus der Pflanzen. — Farmer, J., & Chandler, ^ Obbr den Blnfluas' elnes tJber- 
schusses von KohlensAure In 'der Luft auf die' Ininn und den inneren Ban der 
Pflanzen. Proceed. R. Soo. LXX. clt. CentralbL f. Agrlk..Chemi6 1903, p. 689. 

3 s. Sacha, Arbeit, d. Bot Inatltuta zu 'Wflrzburs. Part III. 

•* Compt rend, de I’Acad. d. sclencea 1904. clt. Centralbl. f. Aaxilc.-Chemie 
1904, Part 11, p. 746. 
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The fact that experiments in sterilized soil, as contrasted with those in 
non-sferilized soil, resulted in much smaller -amounts of yield, is ascribed 
by Demoussy to the killing of the micro-organisms which, by their activitv, 
contribute to the decomposition of the carbon dioxid production. It is also 
probable that the growth of plants close to the ground is favored by the 
carbon dioxid constantly given off by the soil, since it has often been de- 
termined that air at the surface of the soil contains more than three ten 
thousandths carbon dioxid. 

In air in which the carbon dioxid has a tension five times above the • 
normal, a great many different plants increased about possibly 6o per cent, 
more in weight than they did in ordinary air. These also blossomed earlier 
and more abundantly*. 

If plants, w'hich naturally behave differently according to species and 
Individuality, are no longer able to utilize the carbon dioxid given them, 
their life functions must cease. Kosaroff'-' distinguishes between a specific- 
ally injurious effect, and one due indirectly to the decrease of the partial 
pressure, or rather, the removal of oxygen. As a result of the depression 
of the transpiratory current, the plants wilt. Bdhm’, like Saussure, ob- 
served that germination was retarded, in that with an increase of carbon 
dioxid, the roots and stems constantly became shorter and shorter. The 
chlorophyll formation and assimilation were considerably decreased. 

Neither can geotropism be perceived in articulated plants (Gramineae 
Commelinaceae, etc.) in a carbon dioxid atmosphere, nor may a stimulus, 
found in the air, initiate any bending*. 

Finally, when carbon dioxid begins to be excessive, the effect may first 
be beneficial, then later gradually harmful. Reference sbttuld be made 
here to the experimental results obtained by Brown and b'armer'. They 
observed that, with an increased carbon dioxid content in the air, all the 
parts containing chlorophyll became a darker green after 8 to to days, and 
the starch content increased, but the internodes became short and thick, 
the leaves rolled up even to the point of deformity, the flower buds dropped, 
or their primordia were not formed. 

Such conditions as are given in the experiment need scarcely ever be 
feared in practice. Such cases occur most frequently in hot beds where the 
manure, needed to raise the temtrerature of the beds, sets free too much 
carbon dioxid. This trouble may be overcome by proper ventilation, (even 
on frosty days.) 

1 PemouBsy, E,, Sur la vegetation danfl des atmoajjheres riches en ncide car- 
bonique. Compt rend. CXXXIX, p. 883. 

2 Kosaroft, P., Die Wirkung der Knhlensaure auf den tVa-SHertransport in 
den Pflanzen. Eot, Centralbl. 1900, Vol. 83, p. 138. 

’ Sitzungsber. d. Wiener Acad. 1873 vom 24. Jull. 

4 Kohl Die paratonischen WachatumskrUmmungen der Geienkpitanzen. Bot, 
Zelt. LVin, 1900, p. 1. 

B Loc. dt. 



SECTION II. 


INJURIOUS ATMOSPHERIC INFLUENCES. 


CHAPTER IV. 


TOO DRY AIR. 

In'Jurv to Buds. 

Although in house plants, for example, we have constantly met with the 
lack of sufficient atmospheric moisture as a factor in the production of the 
I<ienomena of disease, it has as yet been but very little taken into 
consideration. 

The direction in which continued great scarcity of atmospheric moisture 
makes itself felt may be seen from the peculiarities of the xerophytes. As 
an example of this, we will mention Grevillius*. He found in the plants 
of a treeless lime plateau a thickening of the q>idermis and its wax coating, 
or, as a substitute for this, a great increase of pubescence. These char- 
acteristics are more marked in leaves near the top of thg stem. The epi- 
dermal cells, in contrast to normal forms, usually have somewhat smaller 
lumina. The palisade cells are broader and more closely joined to one 
another, the intercellular spaces are smaller; the mechanical tissues in the 
branches and petioles are better developed, the pith less ; it has smaller cells 
but is richer in starch. These changes, in fact, occur almost always in con- 
nection with a great lack of moisture in the soil whereby it is hard to judge 
which is due to the dryness of the air alone and which to the excessive 
transpiration conditioned by it. However, we find various processes setting 
in when, with a sufficient supply of soil moisture, the air is constantly hot 
and dry ; these will have to be discussed here. They are in part phenomena 
of arrestment in the life of the buds or in the conditions of germination ; 
in part disturbances in the mature leaves which lead to the falling of the 
leaves in summer. 

Two stages must be noticed in the life of the buds and the development 
of the young shoot after the bud has unfolded. If a considerable dry period 

t QrevlUius, Morphologlsch-anatomlache Studiec tib. d. xerophHe Phanero- 
g&men-VegetatioD der Jnsel OeUad. Anglers JahrbUeber 1897, XXIU, p. 34. 
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sets in in the early spring when, as a rule, it is continued by a persistent 
East wind, the opening of the buds, dependant on the alternating action of 
sunshine and rain, will be delayed. The gummy masses 
in the bud scales of many varieties of trees, usually due 
to the gelatination of the tissue, must be softened by rain 
to facilitate the development of the buds, while the resin- 
ous and partially balsam-like products of this softening 
in the scales, warmed by the sunshine, 
give way at the same time to the pres- 
sure of the buds. In continued dry and 
windy, spring weather, the buds unfold 
more slowly because the necessary 
growth of the inner side of the scales 
is prevented so that they cannot turn 
back far enough. 

In the second kind of injury, the 
young tip of the shoot, just appearing, 
is suddenly exposed to the sharp rays 
of the sun and to very great evapora- 
tion in abnormally dry air, after the 
protecting scale has been thrown off. 

In order to understand this process, we 
give a few illustrations from Griiss’. 

In Fig. 67 is shown the cross-section 
through the bud covering of the oak; 
in Fig. 68, one through Pitiu.( Afut/hus 
It is easy to distinguish tite different 
scales firmly overlapping aitove the 
strongly developed epidermis of the 
outer side and, by comparing the 
two bud coverings, the increase of 
precautionary protection in the conifers 
is found to take place by means of the 
deposition of masses of resin (h). In 
the cross-section of the Individual cov- 
ering scales it is noticed that their outer 
or, later, under side possesses especially 
strongly developed elements. In the pjg_(i7_ci.gag.gecUon t'ig.SS.Croos-aectlon 

pine the epidermal cells have been very through the hud through the bud 
^ , , , , ^•11 coverinir of Quer* covering of P«nu* 

greatly thickened sclerenchymatically. Mssiii flora, Mughua, Scop. 

The bud covering of the winter oak is <Attor Grti.s.) (Alter oru,..) 
composed of 8 separate scales, and its cell layers found underneath the epi- 
dermis are so strongly thickened that the lumina have almpst disappeared. 

t Qrltso, J., Beitrhge zur Blologie dor Knoope. Fringaheims Jahrlb. f. wiaaen- 
achaftllche BoL Vol. XXIII. Part 4 , p. SSI. 
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Xhc sutntncr oaV, Qustcus pcduttculotCf Ehrh. behaves somewhat ditfe^ently. 
If, in the Spring, a basal growth increases the sclerotic elements, the cover- 
ing scales show a certain stiffness and remain longer attached to the growing 
shoot. They thus protect it longer from the dangerous fluctuations in tem- 
perature. The oak in the warmer Metliterranean countries, Quercus Ilex, L. 
hardly shows the sclerotic elements in its scantier bud coverings, and some- 
times they are entirely lacking. In this we are concerned with protection 
against the summer drought period and find it in the hairs, which develop, 
from the epidermis, and also the cork layer, which develops from the sub- 
epidermal tissue. 

Before the leaves hurst out from the bud, the scales, bent together like 
a roof, are simply small leaves reduced to stipules, but when the leaves 
break out, the under side grows further at the base, while the sclerotized 
outer side does not do so. Consequently the base of the scale, drying from 
the edges backward, become fleshy, cushion-like and, like a prop, presses 
the scale outward. This is the time of danger, since even the delicate vege- 
tative cone is exposed to the fluctuations of temperature, and almost with- 
out protection. This explains the internal ruptures made by the action of 
the frost, sometimes found in the spring’, and also the phenomena of 
shrinking from drought, resulting from constant sharp East winds. 

j No matter in what way the protective apparatus of the bud scale is 
formed in the various species, whether from sclerotic cell layers or from 
cork layers, layers of hair or masses of resin, the fact holds good that this 
apparatus develops differently in different years, according to the weather 
and the amount of nutriment at the time of its formation, and, accordingly, 
is of different protective power in the following spring. If, for example, 
the summer has been moist and cloudy, the covering scales tend to develop- 
ment towards the nature of the green leaf and the cells become larger or 
less thickened. In spring they react more quickly to the increase of turgor 
of the tissue and separate from one another more quickly. Thus the grow- 
ing point is exposed prematurely to inclement spring weather, and so loses 
too rapidly the protection against its power of transpiration. 

This factor must not be underestimated, for Griiss reports* that, 
when he removed the strongly developed outer scales from an oak 
bud, he noticed that the bud was destroyed with great regularity, even 
if the temperature did not fall and there was present sufficient moisture. 
Also the inner, more delicately walled coverings became dry since they were 
not accustomed to the increased transpiration. Uninjured buds kept under 
similar conditions (on cut twigs) developed further. 

Experiments with beech buds, from which the whole covering had 
been removed, showed that the young, exposed leaves kept fresh much 
longer than those of the oak. This is due to the pubescence of the young 
beech leaves, which protect them from too great transpiration and the con- 

1 See chapter on the Action of Froet, 

a Loc, cit p. 649. 
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sequfct drying. This view is supported also by the observation of Gruss, 
that, in Aesculus Hippocostanum, the young leaves, known to be very 
thickly pubescent, will develop normally after the removal of the bud cover- 
ing. The effectiveness of the resin covering is seen from ap example of 
Abies PinsapOj Boiss. When the resin had been removed from the buds 
by carbon disulphid, they dried up. 

It may now be asked how such irregularities in the unfolding of the 
buds can be combatted practically. 

The formation of the bud covering cannot be influenced and the danger-, 
ous fluctuations in temperature and atmospheric moisture in spring cannot 
be controlled. Nevertheless, we think a precautionary measure might in- 
deed be adopted in torestration in order to moderate the extremes of trans- 
piration. In the first place, the soil should retain its natural covering of 
moss or litter, since in this way the .soil moisture is preserved, and a damp 
atmosphere made possible. Hence it might be advisable not to clear away 
all the leaves, etc. Finally, however, and especially in younger plantations, 
it might be advantageous to retain protective forests on the side of the tract 
exposed to the strong spring sun. Among such protective trees the rapid 
and loosely growing birch is especially useful. 

In garden plants, naturally, one can control conditions very much 
better. In this connection, attention should be called for the present ojily 
to the fact that one should not attempt to replace the uniformly great loss 
from transpiration by increasing the water at the roots. That does not work 
well and plants are found to dry up which have an excess of water at the 
roots. The only natural means is artificial sMinij. 

Dcvoi.iatio.n Duk to Heat. 

Observation shows that every year from spring on the foliage falls 
from our deciduous trees. In city planting this is esi>ecially noticable in 
Acer Negundo and the slightly developed inflorescences of the linden show 
this almost at once, sometime before the “linden blooms." The process is 
less striking, but constantly present in other deciduous varieties, W'iesner' 
gives this constant dropping of separate yellow leaves the special name of 
“the summer defoliation" and sees its cause in the changes in the sun’s 
altitude. I think that other causes can also operate here, for, while the 
summer defoliation usually sets in predominately after the 2ist of June, 
observations show that, for example, according to W'iesner’s statements, in 
Acer Negundo, Acer Calif ornicum. and related species, the leaves first 
formed may be dropped even in May and at the beginning of June. 

As long as this loss of leaves is slight in comparison with the whole 
foliage of the tree, it has no pathological significance. Experiments have 
shown that it is a perfectly normal phenomenon for the leaves on a branch 
to complete their cycle of growth at different periods. Thus some would 

I Wesner, Jul., Dber Laubfall Infolge 8lnken« des absoluten Llchtgenussea 
(Sommerlaubfall). Ber. d. 1>. Bot. Ges. 1904, p. 64. 
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fall earlier, some later. Those produced first in the spring are in 
their formation, being smaller and not so brightly colored; hence they soon 
reach their full development, when their assimilation is arrested, as the 
stronger leaves, produced later, cut off their light. Then the tree frees itself 
of the organs incapable of working. 

However, the summer defoliation is to be considered as a phenomenon 
of disease when it becomes e.vtensive and suddenly attacks the well develop- 
ed foliage in full sunlight. Late frosts and more often a continued period, 
of drought, combined with great heat, are among the causes of summer 
defoliation. Wiesner distinguishes the latter form as “defoliation due to 
heat," clearly a result primarily of excessive transpiration with an unequal 
decrease in the supply of water in the trunk. 

I found examples of defoliation due to heat in the trees planted along 
the streets, especially among the lindens, in spite of abundant watering. 
From this it is evident that actually the dry air with abundant sunshine 
should be assumed to be the injurious factor. With deficient water supply 
in the soil alone the foliage dies from summer blight but usually remains 
hanging on the tree. 

The linden, despite its beauty, is not to be recommended as a street 
tree because of its especial sensitiveness. The summer linden shows earlier 
artd more severe' effects than the winter linden, and after the appearance of 
summer heat, almost without exception, is found covered with the fine webs 
of the weaving mite {Telranychus ielarius). In many trees aphids occur 
in immense quantities. After defoliation, from which only the tips of the 
branches arc excepted, there is manifest a prematurely dormant period. As 
soon as the weather becomes cooler (or when the streets are abundantly 
watered during the hot period) a second growth appears in which the de- 
velopment of lateral buds can push off the hanging leaves {defoliation due 
to growth, according to Wiesner). In wet autumns the wood of this second 
growth does not ripen properly and is easily injured by the winter frosts. 

In order to avoid these conditions it is advisable to plant elms rather 
than lindens along the streets. If these conditions appear along avenues of 
older trees, which cannot be replanted, the streets must be sprinkled as 
frequently as possible. Spraying under heavy pressure in the late evening 
may prove to be especially useful. I consider that consistently following 
this measure will prove the most effective prevention of vermin attacks. 

Honey Dew. 

According to observations made up to the present, a disease must be in- 
cluded here which has often' been described under thj’name “honey dezd’ 
{Melligo, Melaeris, Ros mellis) and which has been traced to very different 
causes. This disease is characterized by the appearance of a sugary coating 

1 Saecharogenesis diabetica; Unger, Bxanth. p. 3. — Honnlng Dugan, Fabricius 
Kiobenh. 1774.— Le Glvre, Adana, cit bei Seetacn: Sistematarum generallorum de 
morbla plantarum. Gdttingaa 1789. 
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on les^es, blossoms and young twigs of woody and herbaceous plants usually 
covering the outer surface of the organs, sometimes as a shining uniform 
varnish, sometimes in the form of yellowish tough drops. Meyen' relates 
that for some time the theory expressed by Plinv was accepted, namely, 
that the honey dew was an actual falling from the air, occurring in the dog 
days especially and coating not only the plants, but even the clothing of 
men. J. Bauhin contradicts this theory and calls attention to the fact 
■ that only isolated plants or species in any region become diseased. After 
the excretion of a sweet sap from the anus or the abdominal tubes of the 
aphids had been observed, they were considered to be the cause of the.dis- 
ease and at the time it was obserrcd that aphids and honey dew were fre- 
quently found together. To this, however, was opposed first of all, the fact 
that the aphids usually occur on the under side of the leaf, the honey dew, 
chiefly on the upper side. However, this fact is no very certain proof 
since the aphids of the under side of the leaf ran sprinkle the upper side of 
the leaf lying next below. But gradually the observations nn honey dew 
were increased on isolated outdoor and indoor plants on which no aphids 
could be found or upon which they did not appear until sometime later. 
Hartig's observation, made in 1354, is interesting in this connection. A 
rose plant, which had not been taken from the house, secreted small drops 
on the under epidermis of the leav es from which the sugar was separated 
in rhomboidal or cubical crystals. In this the green color of the le^ives 
changed to a grayish one, due to the disappearance of the chlorophyll in 
the mesophyll at the secreting places and to the appearance of clear drops 
in the cells. Treviranus^ in the same way, frequently found such sugary 
secretions in the warm, continuously dry air out of doors as well as in 
greenhouses, on white [loplars, lindens, orange frees, distils (Carduu.': 
arctioides) and cited still older observations by I.obel. Pena. Toumefort et 
ah, according to which honey dew occurs nn olive trees, varieties of maple, 
walnuts, willows, elms and spruces. He, and later Meyen, were convinced 
that the drops containing sugar were secreted directly from the qvidcrmal 
cells, to which the former observers also added that the stomata did not 
take part in this secretion. Further observations onfioney dew occurring 
in very different plants, especially oaks, were furnished later by Gasparrinih 
The honey dew on the linden has been chemically investigated by 
Boussingault and that on the grape cherry {Prmus Padus) by Zdller*. 
Boussingault found that the honey dew, collected at two different times, 
differed quantitatively in regard to the different substances; from which 
fact it is evident, that the secretion does not always liave the same per- 
centage composition. But the nature of the substance seems to change also, 
for although Boussnlgault found only cane sugar (48 to 55 per cent.), in- 
vert sugar (28 to 24 per cent,), and dextrin (22 to 19 per cent.), Langlois 

I Pfianienpalhologie. 1841, p. 217. 

* Physlologie der Gewachse. 1838, VoU II, Part I, p. 85-37, 

* Sopra la metata o trasudamenld dl aspetto goommOBO etc, Bot. Zelt. 1854, 
p. 824. 

* 5konoin. Forttchr. 1872, No. 2, p, 39, 
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also found mannit as one constitutent of the honey dew on the linden. 
Czapek^ collected the results of more recent observations. From this it 
may be concluded that the composition of the honey dew varies in different 
plants. 

A harmony of the theories as to the causes of the phenomenon has not 
been obtained as yet. While Biisgen* studied carefully the aphid stings on 
plants, he proved that the animals secrete through the anus much larger 
amounts of lioney dew (the secretions of the abdominal tubes are waxy) 
than is usually assumed, and, on this account; he concludes that real honey 
dew.depends only on aphids. Bonnier^ made some experiments which showed 
an artificial production of honey dew without the intervention of the 
animals. 

Biisgen says the peculiarities of the cuticle allow neither an osmosis 
or distillation of sugar saps from the interior of the cell nor, as Wilson 
assumed, an osmotic withdrawal of liquids through drops of sugar to be 
found on the surface of the leaf, such as are formed by the excretion of 
the aphids. This statement, however, does not con.sider the fact that the 
' smooth surface of the cuticle can become broken and that secretions in 
individual cases can find their way through the stomata. Bonnier’s results 
prove the later case. Leaves which had been exposed to great differences 
in^temperature (conifers, oaks, maples, etc.), showed under the microscope, 
when examined by direct illumination, the formation of nectar-like drops 
from the stomata when the light was sufficiently strong. 

My own observations confirm the occurrence of honey <iew without the 
intervention of aphids. In one case I found an abundant formation of honey 
dew on the older leaves of pear seedlings grown in Water cultures and 
exposed to the hot July sun. This observation showed that deficient soil 
water was not necessarily a factor. I believe that honey dew is produced 
if there is a sudden excessive increase of transpiration in strongly function- 
ing active leaves, caused by a strong light stimulus, and brings about too 
high a concentration of the cell sap. If the disturbance continues beyond 
a certain point, the leaf suffers permanently and falls prematurely. In 
another case the rain gradually washed the sugar coating away, which made 
possible an attack of the black fungi (sooty dew). The production of 
honey dew is not always dependent upon extreme and absolutely high 
temperatures and strong light stimuli, but sudden great contrasts as, 
for example^ the sudden shock to an organism caused by an intense morning 
sun following a very cool night, ivhich had suppressed its activity. 

Shading would be the best preventative measure and repeated 
sprinkling an effective remedy. 


1 Czapek, Fr., Bioehemie der Pflanzen. Jena. Guatav Fischer. 1905, Vol. I, 

p. 408. . 

2 BUsaen. M.. Der Honlgtau. Biologr. Studien nn Pflanzen u. PflanzenlOu.sen. 
Bond. Blidogisches Centralbl. Vol. XI, Noz. 7 and 8, 1891. 

a Bonnier, G., Sur la miellde dee feuilles. Compt, rend. 1896, p, 335, cit, Zelt- 
achrift t Pfianzenkrankh. 1896, p. 347. * 
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Probably the much dread Mafuta 'disease of the sorghum millet 
(Andropogon sorghum) in German Fast Africa belongs here. The word 
Mafuta means oil. Honey-like excretions are found on leaves and stems. 
These give rise to a sooty coating'. Other plants also suffer especially in 
times of drought. 

Heart Rot and Dry Rot of h'oniiKK and Sugar Bf.f.ts*. 

The heart rot of the sugar beet should be considered as a phenomenon 
usually related to honey dew. It is found usually in hot Julys in rainless 
periods and is characterized by the death of the heart leaves. These have not 
grown to half their normal size. The dying foliage suddenly becomes black. 
In severe attacks the whole leaf area dies. but. as a rule, the plants develop 
new foliage. In addition to the affection of the leaves, the body of the 
beet is attacked by a decomposition or dry rot. The beet, near its head end, 
has spots which can deepen as the tissues decompose, and finally destroy the 
beet. Of greater agricultural significance in this connection is the fact that 
a part of the non-reducing sugar disappears from the beet and 'another part 
is converted into reducing (grape) sugar\ If the rainy weather sets in at 
the right time, the dead tissue can he thrown off through the formation of 
cork. 

If the healing process does not set in soon enough, so that a long con- 
tinued autumnal dampness can exercise its influence on the decayed placefS, 
the process of destruction of the beets, which are poorer in sugar, is dlso 
continued in the storage pits. 

Most observers are inclined to seek the cause of the trouble in fungi, 
since mycelium is often found in the diseased heart leaves*. Frank 
especially defendedrthe fungi theory an<l wished to make two species re- 
sponsible for it: Phoma Relae, Frank' and Pusarium helieola, Frank, 
It is certain, however, that the first stages of the disease of the heart leaves 
are without fungi and bacteria, and the parasites later, during damp weather, 
occasion an advance in the destruction of the tissue. However, when the 
beet plants are healthy, the fungi cannot attack them. Only when evapora- 
tion is sufficiently increased and the absorption of water sufficiently de- 
creased do the conditions ari.se which predispose the ])lants to attack by 
fungi. 

Practical workers state that the addition of lime also in the form of 
waste lime favors the attack of the disease. We have very instructive 
field experiments" along these lines in which some areas were limed, and 
some not. Where lime was used, the beets were diseased, where there was 
none, the crop was healthy. 

1 Busse, W., Weitere Untersuctiunpen Uber die Maruta-Krankheit dec SorRbum- 
Hirse. Aua “Tropenpflanzer,” cit. ZeltKchr. f. Pflanzenkrankh. 1902. p. 02. 

! See Vol 11, p, 240. 

a Frank, A. B., Kamptbuch. 1897, p, 121, 

» PriUleui et Delacroix, Complement A I'etude de la maladle du coeur de la 
Betterave. Bnll. Soe. mycolo^que. VII, 1891, p. 23. 

5 eyn. Phoma tphaeratparma, Roatr., Phoma Botae, Roetr., PhylloaticU tablfioa, 
Prill, et Del. 

» Z^techr. i. Pflanzenkrankh. 1895, p. 260. 1896. p, 339. 
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Also the location itself has often been found to favor the appearance, 
of the disease, since on field ridges with a gravelly underground, or declivi- 
ties from which the water runs away quickly, often only dry rotted beets 
are produced. The different varieties are proved to be susceptible to 
different degrees ; the Vilmorin sugar beet is said to be especially sus- 
ceptible; varieties with smooth leave's spread flat on the ground and long 
roots should be preferred in threatened regions*. 

Sassc", as a result of his very thorough field experiments, states that 
vapor and deep cultivation prevent the outbreak of dry rot. Opinions vary 
greatly as to the influence of fertilization. In my opinion, the variation is 
explained by the varying action of the same fertilizer on different fields, 
and dependent on the weather. Fertilizers making the soils more porous, 
increasing their capacity for warmth and decreasing their power for re- 
taining water, tend to favor the development of dry rot ; this can occur with 
waste lime*. .The same fertilizers are satisfactory in heavy soils. Fertiliza- 
tion with k^nit has been most questioned. It is emphasized that the soil 
will actually retain water better after fertilization with commercial manures, 
i. e. offer greater resistance to the influence of drought, and yet not infre- 
quently where kainit fertilization has been used, the first heart rot of the 
beets will be found. 

« In my opinion there is a natural explanation for this phenomenon. 
Kajnit tends to develop leaves extraordinarily ; hence, with a continued dry 
period, the extensive leaf area withdraws water very quickly from the root 
system, causing an injurious concentration of the cell sap. Analyses have 
shown that, with a high potassium content in the leaves, the dry rot appeared 
more marked, the smaller the proportion of phosphoric acid present. 

Therefore, the choice of land which dries quickly may be a preventa- 
tive measure for this disease. When the soil is light those materials, which 
heat the soil (lime, separator ooze) must not be given directly to the beets. 
With the appearance of dangerous droughts, one should decrease the drain- 
age since, ordinarily, it would not be practical to always water the crop. 
'A further condition should he considered, namely, whether the evaporation 
of the plants can be reduced by removing the older leaves, or by shading 
with straw mulching. 

Faulty Development of the Blossoms. 

Much oftener than is generally supposed, great atmospheric drynes# 
manifests itself in blossoms, especially double flowers. If specimens of the 
same species with single and with double blossoms in the same position be 
compared (fuchsias, petunias, tuberous begonias, roses, etc.), it will be 
observed without exception that the single blossoms develop more rapidly 

1 Bartos, W.. Einige Beobachtungen Ubar die Herz- und Trocke'nfaule, clt. 
Centralbl. f. Bakteriolo^ie 1899, p. 6$2. 

a Sasae, Otto, dnigre Beobachtungen aus dem praktiachen Betrlebe betreffe 
Auftretens der Hera- Oder Trockeaf&ule. ZeiUchr. f. Pflanaenki^kh. 1894, p. 869. 

A Richter, W., tJ'ber die Beziehiingen dea Scheldeschlaouns sum Auftreten der 
Herzf&ule der RQben. Zeitachr. f. Pflanaenkrankh. 1895, p. 51. 



.’and quickly. The slower and more retarded development of double blooms 
may be traced to greater distribution of the water and nutritive substances 
conveyed through the petioles over a more cAnsiderable leaf area. The loss 
m transpiration, due to the increased numlier of petals, is greater and can 
in no way be replaced by supplying water to the roots. Consequently, the 
organs develop more quickly ; they ■ become ripe prematurely' and* cease 
growing before the blossom has been completely developed. On this account 
haif open blossoms often fall where there is great atmospheric dryness. 
This should not be confused with the dropping of the blossoms, due to , 
excess of water. In the latter case it may often be observed that both the 
blossoms and peduncles fall. With excessive transpiration in a very dry 
atmosphere, the ]ictals fall where they join the jieduncle after having 
turned brown there. 

When, as is often attempted in greenhouses, an artificially mtnst atmos- 
phere is produced by abundant watering of entire plants, their condition is 
improved only if the flower pots stand on the soil, since the vaporizing 
dampness from the soil keeps the atmos|)here constantly moist. Hut if the 
pots stand on wood, iron or stone, the blossoms shrive! up in spite of the . 
watering and a Botrytis growth is found where the petals loosen. This 
leads consequently to erroneous conclusions since Botrytis diseases are 
usually accompanied by great atmosidieric humidity. , 

The double staminate blossoms of tuberous begonias fall in excessively 
dry air, and form one of the most striking examples of the difficulty. I 
observed this often in the dry summer of 1004 in places which had never 
had direct sunlight. That the falling of the petals was actually due to dry- 
ness of the air was shown by an exjwriment in which ])lants were used, 
which usually drop their blossoms at the time of opening. They retained 
and developed them, however, if placed over broad basins filled with w’ater. 

The pistillate blooms abvays mature. The first indication that the 
staminate blossoms are going to fall is that the Imd does not straighten up 
but remains drooping. With the hand lens a small brown ring may be seen 
at the union of the calyx and peduncle. There the young tissue is founfl 
to be deep brown, its walls and contents collapsed. At the calyx, the 
shrivelling and tearing of the tissue forms large holes until finally the [tetals 
hang only by a few shreds of tissue. In the individual petals, the vascular' 
bundles also seem deeply browned even at the places which are still not 
discolored and apparently fresh. This drying of the base is really a pre- 
mature end of the life cycle, since the cell contains only scanty flakes of 
])rotoplasm. Near the dead tissue there is an abnormal accumulation of 
asymmetrically formed, separate crystals of calcium oxalate, as the final 
residue of the organic substances consumed in respiration. 

A second kind of defective blossom development, resulting from dry- 
ness, was observed in the Lihaceag and Amaryllideae. In these instances 
the perianth remained stuck together at the apices. Although the rest of the 
blossom was normally developed and colored, the tips of these perianths 



"turned yellow, shivelled up and dried into a mass which finally crumbled. 
The injury is horticulturally of significance only when the blooms are forced 
and large individual blossoms are desired as in Liiiutn LUiutn longi- 

florum and Hippeastrum robustum, Dietr., etc. 

In that species which is known among gardners as Amaryllis Tettaui 
and is often grown as a house plant because it blooms freely, I observed 
more carefully the mechanics of opening and incomplete development dur- 
ing drought. 

The three outer tips of the brick red perianth begin to separate from 
one another at their base on the day before the blossoms are completely 
opened; hence the large conical flower bud first of all shows three slits. 

The tips of these three outer- 
most petals, however, remain 
stuck fast together even if 
the process of separation from 
one another is so hastened by 
the increased growth of the 
innerside of the perianth that 
this is curved outward like a 
pouch. In this convexity, 
which becomes constantly 
greater, lies a great elasticity 
which would be able to sep- 
arate the gummed tips from 
one another and, in normal 
cases, actually does fear them 
apart. The strength of this 
elastic power, produced by 
the basal epinasty of the 
perianth, is demonstrated if 
the still gummed apices of the 
three tips are cut off about 
forty-eight hours before the 
normal time of opening. Then, within lO minutes, the individual tips have 
separated 1.5 to 2 cm. from one another, i. e. the corolla has begun to open. 
The resistance offered to this strong elasticity arises from the fact that the 
green apices of the three outermost tips are anchored to a strong cone about 
S cm. long. Sometimes this cone is thimble shaped. There is a heavy 
growth on the underside of each tip which curves out like a ridge, and 
corresponds with a midrib, making a very fleshy growth on. each tip. 

Fig. 69 shows three of the perianth tips, touching each other with their 
keel-like wedges (0), These wedges contain no vascular bundles. These 
lie (g) frequently in groups of 3 or 4 peripherally in the real laminal part. 
The individual laminal halves at both sides of the fleshy median ridges are 
curved inward and touch the adjacent peripheral tip with their edges (r) ; 
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Kig. 69. Cross-section through the apical region 
of a still closed blossom of Hippsaatrum 
robustum. Explanation of the letters 
In the text. 
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these are green, while the fleshy cushions' at the center (c), containing the‘ 
largest parenchyma cells, seem colorless. In contrast to the abundant small 
grained masses of starch in the rest of the tissue, the cushions display only 
a few large starch grains. The epidermis is normally flat walled at the 
outside of the peripheral tip, but, on the ventral side, at the beginning of 
the development of red coloring matter, shows a papillary outgrowth. Al- 
though this grew out to distinct papillae, mutually Interlocking, like 
clogged wheels, on the cushion-like raised ))laces la), it shows scarcely 
any elongation on the flat laminal part. 

In this close interlocking of the papillae of the lip of one part of the 
perianth with those of the others may be seen the reason for anchoring 
these tips so firmly together. .An elastic strain loosens the tips since these 
papillae grow rapidly to conical hairs, thus breaking the connection. Jn 
the cavities (h) which the outer jictals leave free, lie the lips of the three 
inner ones, whose epidermis, however, develops papillae sooner than that 
of the outer ones. The mutual resistance of the out-growing papillae 
favors the separation of the inner tips of the perianth and, therefore, the 
blossoming. 

When the atmsophere is dry. the primordia of the papillae may still be 
found, but they do not develop into conical hairs; hence the tips of the 
petals remain united and gradually shrivel up. 

House Plants. 

The typical picture of a house plant which meets our eye shows brown- 
ing and drying leaf tips. Where gas is burned, usually one is inclined to 
lay the blame on the gas. .-\s a fact, the dryness of the air in the room is 
the cause and the condition is as marked in dwellings where gas is not used. 
The fact that plants, especially the so-called foli.age plants, die after the 
tips become brown and dry, may be explained as due, not to the atmos- 
pheric dryness, but to the attempts of the grower to get greater moisture in 
the air by very frequent waterin.g. However, the plants get no benefit from 
this increased supply of water. They can use more water and transpire 
it only when the tissue develops more ahnndantly, resulting In a more 
vigorous assimilation and a greater production of leaves. The dryness of 
the air, however, inhibits this very development of the leaves. 

When the foliage of tropical climates (many foliage Begonias, Hoff- 
mannias, Ruellias, Marantes, etc.), are brought from the moist conservatory 
into a room of the same temperature, the development at once ceases. The 
older leaves begin to curl back ; the younger ones roll up their edges and 
remain smaller.than those previously formed. The apical growth of the 
shoots is retarded; all processes of elongation are reduced. It is peculiar 
that with many plants (for example, many bushy Begonias) the blossoms, 
produced in dry air, either do not open at all or only incompletely, and 
finally fall off without having become diseased. This process may also be 
observed out of doors. The dormant period of the plant sets in more 
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quickly, and, when tlie new vegkative period begins, the development of 
the buds is retarded and often entirely prevented. With such activity in 
the parts above ground, the roots will rot if given too abundant water. 

Various methods have been proposed to overcome the injurious in- 
fluence of the dry air in the room, such as to spray frequently or to cover 
the plants at night with damp cheese cloth, etc. However, such methods 
have not proved sufficiently satisfactory. I obtained best results by using 
Wardian cases or by setting the plants over water. Recently flower tables 
have been used in which the plant stands on a zinc box filled with water, 
the to)) of which has been punctured full of boles. Through this, water 
vapor constantly ri.ses between plants placed above it. 


Haud Seeds in' the Lechminaceae. 

The hard-shelled condition of I.eguminaceae seeds, not only those of 
the Papilionaceae, but also those of the Mhnoseae and Caesalpiniaceae, can 
be considered as a natural protection against micro-organisms at a time in 
their development when they arc most readily infested. .Ml our wild grow- 
ing Papilionaceae exhibit the same constructive principle and the hard- 
seeded condition becomes dangerous only when it prevents germination. 

This hard-shelled condition arises from the special thickening of the 
pjilisade layer of tlie seed grain which, with its cuticle, forms the outer- 
most covering of the seed shell. These columnar palisade cells, lying very; 
close to one another, show in rross-.scclion strongly refractive cross lines 
(light lines) of an especially dense .substance. The cell content contains 
those substances which cause the coloring of the seed shell and to which 
great importance is ascribed as substances protective against parasite at- 
tacks. Next to the palisade layer, described by Nobbe as the "hard layer," 
lies, on the under side, a layer of so-called hour-glass cells, next which arc 
tliin-walled cell layers with large intercellular spaces. These cells function 
especially in the swelling of seed. Corresponding to the gluten layer in 
grain seeds, we find in the majority of LeguminfltSae seed, with the ex- 
ception of the Phaseoleae. Vicieae and a few other varieties, according to 
Harz\ the endosperm in the form of a hard, homy matter, which becomes 
slimy when placed in water. In the region of the scar, palisade cells and 
round hour-glass cells usually appear in two rows. 

In this instance we follow Hiltner’s e.xpcriments". which show that the 
hard-seeded condition preventing thei rapid swelling of the seeds, naturally 
forms a protection against micro-organisms. Older lupine seeds, which 
were not absolutely hard-shelled but swell up only with difficulty, were 
.soaked in water. The seeds which swelled each day were laid separately 
in the germinating box. This showed that those lupine seeJs which swelled 
most rapidly and hence were not hard-shelled, almost always rotted, while 

■ 1 Landwirtschaftliclie Samenkunde. 

- Hiltner. I... Die KeimungflA'erhaltnifwie der I-eguminosensamen und Ihre 
Beeinflusaung durch Organismenwirkung. Arbeiten d. Biolog. .Abteil. f. Land- u. 
Forstwirtsch, am Kaiaerl. Gesundheitaamte. Vol. III. P.art 1. Berlin 1902. 
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the percentage of germination was higher in those seeds where the swell- 
ing began later; due to the higher percentage of hard seeds. 

It was concluded from experiments with eight year old clover seed 
which, on account of age, had already begun to grow dark, certain seeds 
having become brown and shrivelled, and which was sorted according 
to color, that the grains, which stilt had the appearance of completely fresh 
seed, gave the highest percentage of germination. Among the slightly dis- 
colored seeds, the brown ones germinated least and gave more than 90 per 
cent, of rotted grains. Among these seeils. a much larger percentage of the 
light-colored ones decayed than of liic violet ones. This led to the deduction 
that the violet color of the seed covering offered a protection against bac- 
terial attack. 

The different percentages of hard-shelled seeds from a given variety 
over a period of several years, show tlic dependence of that condition on 
the weather. Hiltner, by drying the seed artificially at a temperature of 
35°C., or over sulfuric acid, could increase the percentage of hard-shelled 
grain. This experiment showed tlic atmospheric condition required to pro- 
duce the undesired hard-shelled seeds. This condition, therefore, resembles 
glassiness of grain, .^s the process of drying during ripening is hastened, 
more hard-shelled seeds might be formed. 

In general practice, however, contradictory results are often found. 
In dry positions it was observed that the seeds of lupines, vetches, scarlet 
clover and the kidney vetch (anihyllis) (Windkice), in time become bard- 
shelled, while the finer clo\er sec<ls show rather the reverse. Hiltner’s 
observation on artificially dried seeds e.xplains this contradiction. The in- 
fluence producing an increased toughness of the shell in ihick-walled seed 
affects thin-walled seeds as well, hut in them the shell splits, consequently 
increasing their small capacity for swelling; further Rodcwald states that 
cold can decrease the hard-shelled condition of LcguminaiSac seeds. 

When one realizes that hard seeds can He for years in tlie soil without 
germinating and that those, even less capable of .swelling, m.ay germinate 
so late that they cause a second growth, it will he evident that the seed 
grower must control the formation of hard shells to eliminate them. In 
the course of years, many methods have been recommended. Thus, for 
example, the seed should be laid in a i to 2 per cent, solution of sodium 
carbonate, to dissolve the silicic acid in the shell. Again, simply sift out 
the hard-shelled seeds, since they are all somewhat ^smaller than the normal 
ones which will germinate. Again, treating the seeds with hot water has 
sometimes been successful, sometimes not. Dipping in boiling water for 
one minute was injurious, hut was beneficial when the seed was emersed for 
five seconds only. This treatment, however, over so short a time, cannot 
be entrusted to laborers. Potassium permanganate, dilute sulfuric acid, an 
ammoniacal solution of copper sulfate, have been as unsuccessful as the 
sodium solutions. On the other hand, Hiltner found concentrated sulfuric 
acid to be successful. The sulfuric acid injured only those seeds which 



had been damaged in threshing, even if the seed was left for sometime in 
the acid. Frequently, treatment with sulfuric acid for half an hour will be 
sufficient if the seeds have been thoroughly wet by stirring. When the 
treatment is completed the acid should be thoroughly washed off with clean 
water and then immediately with lime water for at least 5 to 20 minutes. 
Microscopic investigations of seed treated in this way showed that (in 
Acacia Lophanta) the sulfuric acid had removed not only the cuticle but 
also the greater part of the palisade cells and had stopped before reaching 
the “light line.” Yet the seeds could swell in water only when the acid had 
penetrated the light line in some places'. Therefore, this cell layer, present 
in the seed shell of all the Leguminaceae, according to Mattirolo“, con- 
sisting of an especially dense cellulose, prevents the seeds from rapid ab- 
sorption and elimination of water. 

Connected with this innate hard-seeded condition is the hardening of the 
seed membrane during germination. With those seeds which, in germi- 
nation, pushed their cotyledons above the soil, the cap-like seed shell is 
gradually pushed off, if it has been retained until the moisture is absorbed 
and thus remains flexible. But if a hot, rainless period sets in suddenly, 
the cap dries on the cotyledons, preventing their development, as well as the 
breaking of the young stem. In case it is not destroyed, it is twisted to 
ope side. Lopriore’ mentions here the germination of beans. I have ob- 
scryed similar phenomena in cucumbers, pumpkins, melons and the seeds of 
stone fruits. The retention of the dry, stony shell shows itself most de- 
structively in the seedlings of plums, peaches and other Amygdalaceae. 
Sprinkling of the seed bed in the evening is, therefore, a precaution which 
should not be omitted. 

1 Hlltner und Klnzel, fiber die Ursachen und die Beseitigung der Keimunga- 
hemmungen bei verachiedenen praktisch wichtigeren Saraenarten. Naturwissensch. 
Z«lt8chr. f. iiand- u. Foratwirtachaft 1906, p. 199. 

a La linea luclda nelle cellule malplgbiane degh Integumenti Beminale. Torino 
1880, clt. von Hiltner und Kinzel. 

3 Berichte d. Deutch. Bot. Ges. 1304, Part 5, p. 307. 



CHAl’TEU V. 


EXCESSIVE HUMIDITY. 


The Mode of Gkowth With Continued Atmosphekic HumiditV. 


Older works have called attention to the fact that tlie structure and 
functions of individuals are altered by the influence of a high degree of 
atmospheric humidity in the same way as by the removal of light. Accord- 
ing to experiments of Vesque and Viet', plants grown in moist air have 
longer, less branched roots, more delicate stems, leaves with longer petioles 
and smaller blades. The walls of the epidermal cells are less wavy; the 
cell rows of the mesophyll somewhat less numerous and without differ- 
entiation into palisade parenchyma. The whole tissue of the leaf ^rown 
in moist air is in every respect more uniform, while in dry air the difference 
between palisade and spongy parenchyma is clearly seen. The vascular 
bundles in the internodes are much more developed in dry air. This refers 
not only to the diameter of the whole bundle, to the number of ducts and 
their diam'eter, but especially to the hard bast fibres which may occur 
abundantly in dry air and be entirely lacking in moist air. Duval-Jouve’ 
observed with grasses that dry, hot situations increased the development of 
the bast bundles, while, in moist places, this development is retarded. The 
authors named quote Kauweniioft*'', who describes etiolated plants in this 
way. In comparative experiments with dry and moist air, under light bell- 
glasses, as well as shaded ones, it was found that, in darkness but in dry 
air, the plants were less spindling than those grown in the light in moist air, 
from which it is concluded that the form of the etiolated plants is due chiefly 
to deficient transpiration. 

Brenner* expresses the same theory. In his experiments with Cras- 
sulae, he observed a tendency to decrease the succulency of the leaves in 
moist air, but to increase the upper surface. The cells of the stems were 
actually elongated. Wiesner* also found that the leaves of Sempervivum 


1 Vesque et Viet, Influence du Milieu sur lea vfg^taux, Annales dea aclenc. 
nat. Slxlftme s6rie. Botanlque t. XII. 1881, p. 167. 

2 Botan, Jahresbericht 1875, p. 432. 

s Annal. d. acienc. nat. 6 s^r. V. p. 267. tx. ^ 

4 Brenner. W., Untersuchungen an elnigen Feltpflanzen. Just'a Bot. Johresb. 

Wiraner, JuL* Formveranderungen von Pflanzen bei Kultur in absolut 
feuohten Raumen. Ber. d. Deutsch. Bot. Ges. 1891, p. 46. 
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leclorum considerably enlarged in an absolutely moist room and became 
markedly epinastic. The leaf rosettes were spread out because the inter- 
nodes developed further. W. Wollny' found that a lessened thorn de- 
velopment occurs in normal leaves of Ulex europaeus as a result of con- 
tinued atmospheric humidity. He also observed, however, that the chloro- 
phyll content decreased as the leaves increased. According to Eberhardt*; 
the number of chlorophyll grains is decreased if the stems become longer 
and the leaves larger. In a later work’ this investigator summarizes his 
, experiments as follows; moist air combines a reduction in the thickness 
of leaves and stems with elongation. The formation of hairs is decreased, 
that of blossoms and fruit retarded. Epidermal, bark and pith cells become 
longer, the intercellular spaces greater, the number of secretion canals 
smaller and the development of the wood less noticeable. A smaller pro- 
duction of lateral roots is noticed. 

E. W'ollny* also mentions that the time of blossoming and ripening is 
retarded and, by numerous experiments, strengthens the easily foreseen 
conclusion, viz,, that the evaporation from plants and soil, under otherwise 
equal circumstances, is smaller, the greater the atmospheric humidity. It 
should be mentioned briefly in passing that in numerous cases abundant 
excretion of water takes place in the form of drops with the reduction of 
transpiration and by means of different devices in the various plants’. . We 
frequently find this in potted plants which in the fall are brought into un- 
lieated greenhouses, when the leaves touch the rapidly cooling window- 
panes. 

Finally, 1 will mention the results of my own experiments'. 

In trees (pear) the whole new growth and also the different individual 
internodes and petioles were observed to he shorter in dry air, and the leaf 
blades more slender in moist air. In grains, the growth from seed was 
found to be somewhat less in dry air; the leaf number was also somewhat 
decreased, but the size of the individual leaves was increased longitudinally, 
•while somewhat lessened in width. The same change in dimensions was 
also exhibited by the individual leaf cells. The influence of moist air 
elongated the leaf sheaths and also the individual blades, as well as the 
roots themselves, although the plants, even those exposed to drv air, stood 
in a nutrient solution. 

The fact that the substance as well as the form of the plants will be 
changed with varying humidity is to he surmised as a matter of course. 
In fact, my e.xperiments show that in moist air a lesser amount of green 

1 Wollny, W., 'Unterauchiingen tlber den Elnfluss der Luftfeuchtigkeit auf das 
Wachstum der Pflanzen. Inaugural-Dlasertatlon. Halle 1898, 

- Eberhardt, M., Action de I’alr sec et de I’air humide sur les v^gStaux. Compt. 
rend. 1900. t. 131, p. 114. 

a cit. Centrulbl. f. Agrik.-Chem. 1904, Part 8. 

* Wollny. K, Untersuchungen iiber die Verdunstung und das Produktions- 
vermtigen der Kulturpflanzen bel verschiedenem Feuchtlgkeitsgehait der Euft. 
Forsch. auf d. Qeb. d, Agrlkulturphyslk Vol. XX. 1898, Part 6. 

s s. Pot. Jahresber. 25. Jahrg., Tell I, p. 76. Abh. von Kestler und Goebel. 

« Sorauer. Studien Uber Verdunstung. Forsch. auf d. Geb, d. Agrlkulturphyslk, 
Vol. III. Part 4-6, p. 56 «. 
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matter was produced and that of this green matter, with plants in moist 
air, a large percentage occurred in the roots. In this, the aerial parts were 
richer in water. It was determined in regard to the functions, that evap- 
oration in moist air is absolutely less ; it is less also, however, per gram of ' 
green and dry matter produced, i. e. the plant in the production of one gram 
of material in moist air needs less water and this might occur because, 
under these circumstances, it produces it with few mineral substances. 

I A further experiment with peas' shows that the newly produced sub- 
stance has an actually lower percentage of ash. The increased amount of ■ 
water taken up by the plant, because of the strong evaiioration in dry air, 
results in the plant s taking up in a given unit of time only half as con- 
centrated a solution as it does with a weakened evajioration, w'hen growing 
in moist air; ^ 

These results explain sufficiently why plants In moist air frequently 
succumb more easily to disease than plants grown in dry air. The plants 
are weaker in growth, richer in water and poorer in ash. Nevertheless, we 
have no insight into the diversity of the organic elements in the ))lant body. 
It is very probable that plants grown in moist air arc richer in sugar,, 
poorer in starch, as well as richer in asparagin and poorer in actual protein. 

Infuience of Moist Air on 1’i.ants I.njurkd by Drought. 

It has been supposed that plants which have suffered from intense 
drought can be most quickly restored to their former activity if placid in 
a very moist atmosphere. The following experiment shows the danger of 
this procedure. Cherry sce<llings, which survived a long drought in sand 
cultures, at once showed an adjustment to the lessened amount of water 
supplied the roots. At first, without change of hahit of growth, evaporation 
gradually decreased until the sand still contained possibly only 4 per cent, 
of the amount held when saturated. .\t this point the plants began to wilt, 
but, at the same time, evaporation ceased almost entirely. Kor example, 
at a temperature of 30°C. and abundant sunlight, a little plant which had, 
formerly used daily about H g. water, evaporated only one decigram. .After 
adding considerable water, the plant gradually increased the amount of 
evaporation. If, on the other hand, the drought continued too long, the 
leaves dried backward beginning at the tips, showing no discoloration. 

If now, after being watered, the plants were brought into moist air 
they did not recover as I had thought they would at first. Those under 
the bell jars containing dry air had elevated the upper mature leaves, and 
the partially dried bases of the older leaves became turgid again ; evapor- 
ation again set in slowly. 

The gardener will find this oijservation of practical use in growing 
potted plants. Excessively dry plants after watering must not be changed 
in position. They must be somewhat shaded and they should not be placed 
in air practically saturated with moisture, since this will stop almost all 
activity. 

1 LiOC. cit. p. 79. 
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Cork Outgrowths, 

Cork is universally formed as normal tissue. It may increase abnorm- 
ally, forming an excrescence under special circumstances. Even the regular 
formation of cork may be observed in varying amounts in different seasons. 
Attention should be given to the usual bark pores with their rounded com- 
plementary cork cells separated by intercellular spaces. These cells, show- 
ing for some time a cellulose reaction, are steadily reproduced during the 
time of growth. In winter, when the exchange of gases in the dormant 
bark is at its minimum, the production of the complementary tissue is 
stopped. In the autumn a layer of normal cork is formed from the cambium 
layer instead of the roundish complementary cork cells. With the awaken- 
ing of bark activity in the spring, the cork cambium again forms comple- 
mentary cork, rupturing the winter covering layer of the lenticel, just as, 
when the first lenticels were formed, it had split the epidermis. The more 
moist the air becomes, the more frequently the elongating complementary- 
cork cells which attract water are formed on the surface of the bark. The 
longish, mealy, white excrescences, which may be rubbed off, are well- 
known. They occur on the smooth barked trunks of cherries and alders 
in damp habitats when the atmospheric humidity is increased and the foliar 
transpiration decreases. 

^ At the base of the strong petioles of Juglans regia, Sombucus nigra, 
AUanthus glanduiosa, Pautowno imperialis and other trees, in the autumn, 
structures may be observed very similar to lenticels, only the cambium layer 
is missing (Stahl) '. Later research" has shown that cork cushions not only 
develop at the base of the petiole but, in many plants, at the veins of the 
under side of the leaf {Ficus slipulala) and finally also on the leaf-blades. 

Now, although this formation of cork on the leaf-blade is a phenom- 
enon almost as widely distributed as that on the stems with which it closely 
corresponds in structure and development, yet, in spite of the wide distribu- 
tion, there is no pathological significance in these formations. 

In these cork outgrowths of leaves, two types may be distinguished^ 
either the cork layer with its dividing walls and its usually one-layered 
phellogen lies parallel with the leaf surface in the same plane, — when the 
cork excrescences are raised above the surface of the leaf in the form of 
warts ; or the cork layer and especially its phellogen lies in the form of hour- 
glass-like, depressed zones in the interior of the leaf and usually becomes 
deeper and deeper. Many plants have both forms on the same leaf. In 
contrast to the regularity of the appearance and production of stem cork, 
emphasis should be placed on the accidental appearance of cork excrescence 
on leaves. Aside from the fact that the two above mentioned types can 
begin on the same leaf, there are also transitions between the two types. In 

1 Statu, Kntwicklungsgeschichte und AnatomJe der Lenticellen. Bot. Zeit 
1873, No. S6. 

* Poulsen. Om Korkdannelse paa Blade. KiObenhavn 1875. 

* Bachmann, tJber Korkwucherungen auf BlSttern. Pring^aheim's Jahrb. 1880, 
VoJ. XII, Port 2, p. 191. 
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fact, the cork outgrowths can arise in the same leaf in different layers (they 
usuaUy occur in the sub-epidermal layer) and can have a different develop- 
mental course (Bachmann), 

The external appearance of these cork formations on leaves, occurring 
on gymnospemis, monocotyledons, and dicotyledons, is very different. 
Sometimes there are small cones, sometimes sheets of cork, or strips of , 
constdetahle extent. Kt ttmes the cork excteseenees, however, \ea^ to Oae 
formation of hotes which penetrate through the whote ieat (Wex. Zamia, 
Ruscus, Camellia axillaris, Pepcromia oblusifolia. Eucalyptus GunHi and 
E. Globulus, etc.). This perforation begins as yellowish points. In leaves 
with large intercellular spaces the cork formation is preceded by a growth 
of the parenchyma cells, in such a way that the intercellular spaces are filled 
by outpushings of the cell walls. If the cells with somewhat thicker walls 
in the rows of cork cells are changed by repealed division, the cell walls 
lose their original thickness. Frequently also the cork cells undergo a 
subsequent elongation after they have split the epidermis; the outer ones 
are stretched first. 

In Zamia integrif olia, brown stripes, running parallel with the veins! 
are found on leaflets, splitting later into pieces or tearing down the whole 
length. These stripes are cork tissue which are not produced sometime 
after the leaflets have been tom and, thereby, representing wound cork, but 
are structures formed even embryonically in the younger leaf. Cork ex- 
crescences appear on both sides of the older leaves of Dammara robusto, 
hut especially on the upper side, remaining usually small and fiat. When 
young, they form small round spots on the green leaf surface and later be- 
come brown, when they are raised like little mounds. Finally, the epidermis 
and the immediately adjacent cork layers rupture. In Araucaria Cunning- 
hami and more rarely in A. Bidwilti, small cork mounds may be found on 
older leaves of the previous year which can coalesce into ridges. In 
Sciadopytis verlicillala and Cryptemeria japonica small cork warts occur 
at times also on older leaves ; such structures may be recognized more fre- 
quently (but usuaUy only on the underside) on the broad leaves of Sequoja 
sempervirens. In commercial horticulture, small point-like cork warts in 
Cyclamen persicum form a blemish as do also the chart-like etchings on 
the upper side of leaves of Pelargonium pellatum and in different kinds of 
foliage Begonias. These cork outgrowths appear, so far as observed, only 
in moist greenhouses and hot beds. 

Among the monocotyledons, Clivia Gardeni, Hook and Clivia nobilis, 
Lindl., Pandanus reflexus, Dichorisandra oxypeiala, Billbergia iridifolia, 
Vanilla planifolia, and other orchids exhibit cork structures which penetrate 
into the leaf. The cork excrescences on the leaves do not occur in the same 
amount in all specimens, nor to equal extent on all the leaves of the same 
plant, nor are the appearances constant each year. It must be concluded 
from this that special conditions cause this development of cork structures. 
So far as experience shows, they are due to an excessive atmospheric 
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dampness with a continued excessive supply of water at the roots and a 
decreasing intensity of light. An insight into the production of these phe- 
nomena may be found in the 

«• 

Cork Disease of the Cacti. 

This disease, often found in imiiorted cacti, has become a constant 
source of anxiety for the European grower. It manifests itself in the 
different varieties of cactus, in the appearance of dry, papery places. These 
begin sometimes as raised yellow spots, or as spots remaining green and 
looking somewhat glassy. They widen out citlier into large cork colored 
surfaces, or become depres.sions which look like the scars of places injured 
by biting in.sects or animals. My .special studies were first of all with 
Cereus flogelliformis. In severe cases the tips of the stems still .seemed 
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Fia. 70. Flere of the trunk ot a I’h.vlloeactus which, on Us under side, exhibits 
cork e.xtTeseenoes in the form of warts, white, on the opposite .side, the 
process of perforation is bepinning. 

fresh and green, but at a little distance back from the tip a zone of rust 
colored spec|<s began, starting usually below a thorn cushion. The specks 
gradually united into a rusty surface which ruptured here and there. 

On the healthy part, the outer epidermal tissue consisted of two layers 
of irregularly 4 to 6 sided cells with thickened, heavily cutinized outer walls. 
Under this double layer was a single row of cells elongated tangentially and 
thickened like collenchyma. Then came the bark tissue .containing chloro- 
phyll and an abundance of crystals of calcium oxalate. Cork had been 
formed in the outer epidermal cells of the rust spots on the stems. The 
cork cells were wall-like in some places, irregular in others, like a cap which 
finally ruptured on the crest, thus rupturing the outer wall of the upper 
epidermal layer. 

In other Cereus species, different sides of the stem seemed whitish and 
dry in wide stretches. Here cork layers formed in the epidermal cells in 
the angle of the stem ; these were raised like papillae, while on the surface 


429 


of the stems they were warts. In young spots a change in the ba»k par- 
enchyma was noticed. The outer cells were no longer distinctly collenchy- 
matic and tangentially elongated but rather were broadened radially, thin- 
w'alled, poor in chlorophyll and partially divided. Because of this structure, 
the bark cells forced the cork tissue outward, causing whitish blisters or 
warts. 

In Opuntia and Phyllocactus, the second variety of cork outgrowth is 
prevalent and is characterized by the foi'iiiation of dofrossed places or by 
total perforation. Fig. 70 of a riiyllocactus illustrates both forms of cork, 
excrescence. On the under side we see wart-like convexities, on the upper 
side the beginnings of perforation. 

A cross-section of the fiat stem shows the fieshy bark beyond the vas- 
cular bundle. In healthy places the 
bark is filled with starch (st) and con- 
tains numerous slime cells (s), cal- 
ciuih oxalate crystals and glands (0). 
when the wart begins to form, the hark 
parenchyma, by utilizing the starch, 
stretches, divides and pushes out the 
epidermis. Tiie peripheral tissues (tl. 

))0or in contents, begin to die and a 
layer of flat cork cells (/) sejiarates 
the dead tissue containing many inter- 
cellular spaces filled with air from the 
still living succulent tissue. At this 
l>oint the progress of the disease stops 
and the stem seems covered with dry 
paper-like spots. If. however, there 
is no further removal of .starch nor 
stretching of the bark parenchyma, and in'miio'aetu.'”'’'' 

large particles die, the up)ier surface 

of the dead tissue finally ruptures, forming holes (I) which gradually be- 
come more and more depressed while the flattened rork cells (() are 
constantly formed, growing inward. .'\t r the bark changed, giving rise to 
the cork formation. There the change occurred earliest and most intensively 
and advanced rapidly into the interior of the leaf. 

The process of cork formation is in itself a normal process in cacti 
when the stems reach a certain age. At the base of older stems there may 
be seen a formation of bark as in trees. The i>athological feature is the for- 
mation of flat cork layers in the younger parts, at the expense of the bark. 
The cause may be found in the formation of tissue centers in the bark in 
which the cells elongate, while the starch breaks down and the cell contents 
are gradually impoverished. 

Fig. yt shows the first change in the tissues, in the formation of bark 
types of cork excrescence. This' illnslralcs a piece of bark from Phyllo- 
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tacfus with a spot differentiated (rota its healthy surroundings by a scarcely 
perceptible yellowish discoloration and a very slight convexity: e, indicates 
the epidermis ; I, the collenchyma-lilce thickened cells ; o, the crystals of 
calcium oxalate. The change'begins close to the vessels (g) in the delicate 
venation traversing the succulent parenchyma. The darker spots in the 
parenchyma indicate the chloroplasts, which are found there either in the 
normal position along the walls, or collected in large refractive drops of 
cell contents (o’). Probably as a result of an accumulation of destructive 
enzymes and an increase in acid content, the sheath cells of the vascular 
bundle (ys) and those even further away (») become poorer in contents and 
elongate, thus causing the first evidences of disease. Thus an inner growth^i 
is produced which, if it advances nearer to the upper surface, starts the for- 
mation of cork. If the cells, extending further back into the inner bark, 
become impoverished, more and more cork will be formed. Since the cork 
tissue cannot elongate as the organ grows, it must be of necessity rupture, 
and thus forms superficial warts as the cork formation advances. Grooves 
are formed by the strain of the tissues growing with varying rapidity and 
these deepen until there is a complete perforation as in deep scurvy of 
potatoes. 

In order to control or eradicate this important disease of cacti, the 
wjter supply is lessened and air is given abundantly. • Should there be a 
regular appearance of the disease covering several years, the plants must 
be kept dry even to shrivelling. 

Bitten or Perforated Leaves. 

In herbaceous plants, as also in trees in different localities, the leaves 
are often strongly perforated as if some animal had eaten away the tissue 
between the veins, without, however, finding any animal on whom the 
blame may be laid. Since the injury increases in intensity with time, ob- 
servers are more eager to find the cause. In extreme cases the injury is of 
such extent that the leaves appear like many paned windows, since only the 
network of veins remains together with a slight margin of leaf parenchyma. 
.Such leaves are often bent and twisted but do not die prematurely. The 
shoots themselves show no disease and frequently new sprouts with normal 
foliage develop in the axils of these [terforated leaves. 

The most extreme case which I have had opportunity to observe was 
found in potatoes. The shoots of the plants at the beginning of July bore 
only perforated leaves (see Fig'. 72). Usually the lower leaves were per- 
forated only in places, the upper ones were split longitudinally in the areas 
between the veins and frequently parts of the edge were also destroyed. 
The younger leaves often had a feathery appearance since the different 
leaflets consisted only of the veins wdth a very slender margin. 

Between the perforations yellowish points were seen in the Jeaf-blade 
when held to the light. These proved to be the first stages of the process of 
suberization which ended with the perforation of the leaf. The formation 
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of cork took place in the way described in thk preceding general section. 
It was proved, however, to be a secondary phenomenon. The disease first 
manifested itself in the pale green color of the mesophyll usually near the 
finely anastomosing veins. This appeared mwe frequently in the pSKsade 
than in the spongy parenchyma. In isolated cases, instead of becoming 
pale, the cell Contents discolored to a brownish tone which was accom- 
panied by the suberization of the walls. The epidermis, in its changes, 
followed the mesophyll groups and small dead tissue centers were produced 
which did not change any further. 

In the group of cells forming the transparent places in the leaf because 
of the dissolution of the chlorophyll, an enlargement was seen on account 



Fig. 72. Potato leaf perforated a.s a result of a morVtid forniatioii of cork. 

of which the non-participating epidermis was pushed outward. A cork 
formation now set in among the enlarged mesophyll cells , then these places ) 
broke out. By the advance of these processes backward into the flesh of 
the leaf, the cork centers were depressed to complete perforation. This 
can be understood easily since young leaves are affected. In their growth, 
these stretch all the tissues ; since the tissues containing cork cannot stretch 
with the other tissue, they must tear. 

The process, therefore, is, in principle, that found on the stems of 

cacti. . 

In other Plants also, which show iierforations of the leaves, the im- 
poverishment and enlargement of different cell groups may be recognized 
as the early stages and, on this account, naturally belong to the phenomena 
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‘ which will later be described as intumescences. The causes will also be 
taken up more in detail then. 

In the production of the perforations, individual nutrition plays a 
pronfinent part; for, in the%ame place of growth, specimens which seem 
almost eaten up, may be found near plants which remain untouched. At 
times, only isolated species suffer. Thus, for e.xample, I found in groups 

of <lifferent species of maple a)nly one single vigorously growing variety 

whfch was diseased, among other kinds developing normally. 

Fokmatio.n ok t'oRK ON Fruits. 

• The brown, dull, not infrequently scaley spots or lines on the smooth 
'Viutar surface of apples and jxtars, the so-called rusty tracery is well-known. 
.Srmic varieties show the phenomenon every year, so that it has been in- 
cluded in the general description of the species. They are formations of 

cork, which, as a rule, arise from }he 

stomata. In some years the process be- 

comes abnormal in its appearance, so that 
not only "the varieties with rust spots” 
have a partial or entire cork-colored sur- 
face. but also the fruits of varieties 
usually remaining smooth-skinned are 
affefted. 

Injuries to the epidermis when the 
fruit first swells are the cause of this phe- 
nomenon. In cases already known to me 
(apples, pears, plums, grapes), it could 
be proved that a light late frost.had split 
the cuticle covering of the young fruit in 
innumerable small tears. Under these 
microscopically small splits, the fruit at once formed cork layers. 
In places the epidermal cells die and remain together with the first formed 
cork layers as scales on the rather dull, leather colored surface of the fruit. 

Whenever the corked places form a contiguous surface, the fruit in 
development does not swell uniformly, with the result that huge splits show 
on the fruit itself. The spores of Monilia especially enter these places and 
mummify the fruit. 

. But these phenomena, in the strictest sense, do not belong here. J'’'hey 
are connected with an excess of moisture only in so far as the slitting 
occurs the more easily, the more quickly the swelling of the fruit takes 
place with continued moisture. 

On the other hand, I would like to consider the appearance of cork warts 
on the stems of grapes as a process which becomes notteeable only in moist 
air. In Fig. 73 we see two grapes, the stems of which exhibit a browned rough 
surface due to the appearance of many cork-colored, closely distributed" warts. 
The phenomenon occurs before the grapes have reached their normal size. 



Fig. 73. Grapes with cork warts 
(W) on the fruit stem. 












ERRATA. 

Contents, page X, line 23, for Leguminaceae, read Leguminosae. 

Page 8, line 23, for stems, read shoots. 

“ 23, “ 16, “ preventive, read preventative. 

“ 53. “ 5 ' “ Prunuatus, read Prunulus. 

“ 93 > F'g- 4 i caption, for Schomiinzach, read Schonmiinzach. 

“ 99, line 34, for Mttcor spimsa, r^ad Mueor spinosus. 

“ 167, “ 22, “ Arahanose, read Arabinose. 

“ 204, “ 37, “ Fusiarium, read Fusarium. 

“ 232, “ 5, “ Leguniinoseae, read I.xgtiminosae. 

“ 21, “ Dioscora, read Dioscorea. 

“ 265, “ 19, “ Zolites, read Zeolites. 

“ 273, “ 6, “ B. substilis, read B. subtiUs. 

“ 7-8, “ Clostridium gektinosa, read Clostridium gelatinosum. 
" 18, after Mold fungi, insert (Mueor stolonifera axA^sper- 
giltis niger). 

" 293, “ 20, for homogany, read homogamy. 

" 338, “ 30> “ fruit spears, read fruit spurs. 

" 339 > " III “ Fruchtuchen, read Fruchtkuc'.ien. 

“ 420-22 “ Leguminaceae, read Leguminosae. 

“ 430, line II, after inner growth, insert (internal intumescences). 

“ 442, Fig. 80, caption, for Acacia pendulata, read Acacia pendula. 

“ 461, line 24, after rough places, insert (scurvy spots). 

“ 498, “ I, for Chapter XL, read Chapter XI. 

“ 548, “ 24, “ psycho-clinic, read psychro-adinic. 

“ 696, “ 22, “ Bacillus pseuMrabinus, read Bact. pseudarabinum. 

" 723. “ 38, “ Grapholithia, read Grapholitha, 

" 765, “ 361 “* Boulle celeste, read Bouillie celeste. 

*' 802, Fig. 186, caption, for formaton, read formation. 

. “ 855, line II, for Trula, read Torula. 

“ 1 1, “ vernatis, read vernalis. 
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all the eyes were removed, only root formation took place. Pieces of 
potato tubers, from which the eyes had been cut out together with the 
adjoining tuber parenchyma, formed new eyes on these cut surfaces. In 
the potato leaves, either a simple formation of roots appears at the under 
end of the petiole or a tuber swelling, containing starch, or a combination 
of the two, or a regular small tuber with eyes. 

As a total result of all the e.xperiments for which blossom and fruit 
stems were also used with success, we may recognize that for regeneration 
the presence of an abundant reserve material is necessary. Pure white 
sprouts of different plants formed no roots. Darkening, or removal of the 
carbon dioxid, prevented regeneration. Since certain parts of the plant are 
not capable of regenerating one or another organ, even when all conditions 
are favorable, one is led to the point of view that different substances must 
be present which determine the formation of any certain organ. Such sub- 
stances should be thought of in the form of eneymes, which are not present 
in all cells but are localized in definite parts of the plant body. 


Page 833. In regard to callus formation, which takes place between 
the bark shield and stock, Ohimann expresses himself in his detailed work 
(Ueber die Art und das Zustandekommen der Verwachsung zweler 
Hfropfsymhiontcn. Centralbl. f. Bakteriol. usw. 11 , Vol. XXI 1908) as 
follows: "It seems, therefore, that callus formation may begin only at 
the bark shield, Sorauer states in regard to this question that no law for 
the tearing away of the bark may be determined. According to Schmitt- 
henner, the trunk splits in the youngest sapwood. 1 have investigated a 
great number of plants of widely different species in regard to this ques- 
tion It was evident that the cambium remained intact on the bark. In 
more scattered cases, I noticed that a few cambial cells had remained 
hanging to the youngest wood. Nevertheless, I have noticed this so rarely 

ISTcannot .Ue » » " « -“I 

lhal tht ...Ihor <H tl.. tadimi « . U- -.l«« fc ta»b,.l “ ' 

full oroeress” In this case, the author was correct. If the budding is 


numerous. 

Page 854. Blankinship describes a bleedm, disease occurring fre- 
, zr t , /Worth America) in Populus augustifoha, P. bal- 
quently m Montana Pflanzenkh., Part i, 1908). The 

samif era, P. deltoides, eic. ( Jt,,;,,„asaccompaniedbythebleach- 

.eesbled ext^mely 

''Ztundice” of the 

S-d dries up in the intercostal fields. Death 
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follows after 3 to 5 years. The diseased trees stand generally in low places 
and the author is of the opinion that the increase of the alkali content in 
the ground water is to blame. This trouble is found in Montana not simply 
on poplars but also on other trees where irrigation is used. Drainage is 
advisable. 

Page 856. Minora Shiga (On the effect of a partial removal of roots 
and leaves upon the development of flow.ers. Journ. College of Science, 
Tokyo, 1907, Vol. XXIII, Art. 4), reports on the promotion of blossom 
development by the removal of the part of the roots. Different species of 
very different plants experimented on acted differently under the same 
manipulation. In Pharbitis, Pisum arvcnse and Vieia Paha the removal of 
the main root and small lateral, roots cause an unusually early and luxuriant 
development of the blossoms. This was inot the case in Fagopyrum. 
Cutting off of the side roots promoted the formation of blossoms in Vicia 
Faba and Pisum salivuni\iuT. arvense, but did not do so in Pisum Arvense. 

End of Vol. I. 
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Branch blight in forest trees 558*59 

— cuttings 821-24 

— tips, Freezing back of older 553*55 

Branches. Bending 810*15 I 

— Internal splitting ^ * 

— Twisting 815-10 

“Branderde” 

•“Brausche” hops 344 . 4bo 

Bread tree, St John’s. Swellings. . - 339-40 

Breeding, Task of ^5 

Bremia Lociucae 24 

Brenz-catechln ^3 

Brindle of tobacco ^5 

Bromus mollis. Nanism MS 

Broussin 

Brown-chains due to diptera larvae — 014 

BriiSone disease of rice 3 i 5 

Bud cushions. Injury due to frost 5 ^ 

— cuttings in Vitis ^ 

— formation on leaves - 3 /® 

-variation i,' 

Budding ^ 

Buds. Injury from sunburn ^045 

Injury from too dry ait ^ ..r 

Buds, Accessory 5 

— Dormant. Death 

Bulbs, Blossoming. Failure ”‘^'^'“*.52 

-■'Bunt” of tobacco ^ 

Burning of seed 

Burning out of grass 

Cabbage plants Behavior in frost.. 


Calcium. Excess 399-403 

Jaundice due to 310 

with grapes 402-3 

Calcium. Lack. Cause of silver leaf... 286 

Changes due to 301-5 

Cultural experiments 303 

Calcium arsenate, Injury from 761 

— carbid 769 

— chlorid in waste water — 75i-.b2 

— chlorosis 881 

— fertilization with smoke poisoning.;;’ 

— iiilrid 769 

— oxalate "92 

Contents of cells 792 

Production by solution of car- 
bohydrates 79 - 

— siilfid 741 

Calda fredda 202 

Calico of tobacco 685 

Calluiia 256 

vulgaris t 4 b. 242 

Callus 790 

— Girdling roll "B'-Q/. ^ 

Callus* formation in graft symbionts. . ,887 

— on stems of Malopc prandiflorQ. . ..iAi 

Calycantlius 

Cambium. Browning due to frost 612 

Ci7Mic/i«a saliva, sown to prevent lodg- 
ing 065 

Camellias. Yellow foliage due to ex- 
cess of light ^71 

Campanula 

Cancer VA” 

Candying of seeds 226, 387, 389 

Canker 42 , 47 , 586-6« 

Canker, Closed 5«7 

— Crotch, in fruit and forest trees. 593*94 

— Open • 5|7 

Canker from frost 


in apple trees 

— in blackberries 

— in cherry trees 
~ in coffee 


586-92 

.606-7 

594*96 

230 


in grape vines c 

in roses 


. . .598-600 

776 

147 

470 

105 

calcium 

792 

..,225, 760 

757 

...740, 746 


■eacti. Cork disease 

— Glassiness ■ 

— Internal intumescences 

'{^eoma 

Catom cerealium 

Caladiums. Tuber cuttings ° 

<4dcipcnuria 


428-30 
453-57, 717 
...430. 454 

59 

59 


— in Spirea 

— wounds 

Cannabis 

Cannonading against hail 

Carbohydrates, Production ot 

oxalate in solution of ■ 

Carbolic acid 

Carbolineum 

Carbon-dioxid. Effect 

_ Effect on germination 

- Lack, Oianges due to 3>6^ 

Carbon-disulfid cgfildoS 

Carcinoma 

Carex 

Carejf arenam ao 46 

Caries Fabr. 

Carnations. 

Qsravas. Favorahie soil ^^2 



Cassia tomentosa. Intumescence 4^ 

Castanea li | 

Casting of the fruit spurs 33^ 

Catalase 676 

Cattleya. Specking 261 

Celery. Over-fertilization 392 

Cell membrane. Processes of loosening- 
due to frost S8i 

— passages 613 

CeJosia cristata ; 33 

Fasciation 334 

Centaurea cyanus 74 

Cephalosporium 240 

Cerasin 6^ 

Ceratottia Siliqm. Outgrowths on 

branches 339 

Cerafopteris thalictroides 288 

Cereus jiagclliformis, Cork disease 428 

— iiycticalus. Glassiness 453 

Chagriuization of the rose stem 434 

Cliamaecypans Lawsoniana 159 

— sphaeroidia, var. Andalyeitsis 828 

— squarrosa 828 

Changelings in grapes ’....346 

Check of plants 9 

Chemico-physical processes. Effect on 

soil absorption 264-68 

Chemotropisin 13 

Cherries, Sweet. Sensitiveness 209 

Cherry. Canker 594-96 

— Death 154, 555 

— Effect of drought 281 

— Frost boils 572 

— Gummosis 699-707 

— Susceptibility induced by frost. 154, 555 

— Tan disease 213-17 

— Varieties for dry soils 175 

Cherry trees along the Rhine. Death 

due to frost 555-58 

Chestnut, Edible. Black-leg 709-10 

Root disease 219-io 

Chid on Gingko Biloba ^ 386 

Chile saltpeter 223, 311, 767 

Effect as top dressing -...390 

— ■ — Injurious effect 767 

Use with woody plants 391-92 

— See also Nitrate of soda. 

Chilling, Disturbances due to 513-14 

Chimneys, Solid substances given off 

by 737-47 

Cbloranthy 342 

Chlorin 724-29 

Chlorin. Lack, Changes due to 306-7 

Chlorophyllan 502 

Chlorosis 308, 881 

— Transmission by grafting 697 

Chlorosis due to calcium 881 

— of grapes 402 

— of tobacco 685 

Chorisis 376 

Chorizema 134 

Clrcumvallation. Phloem 867 

— See also Overgrowth. 

Cladosporiuffl 14, 438, 545 

Cladosporium javanicum. Wakker.,...227 

— penicillioides .204 


Clasterosporiim carpophilum Lhr, 

Aderh 706 

Clavus 50 

Clay soils. Cracking 189 

— — Disintegration .190 

Clefts due to frost 566^9 

Clefts due to Polyporus sulfureus 568 

Climate, Continental ..131-34 

— Marine 131-34 

Climatic relations 134 

Clivia ttobilis. Sunburn 643 

Clostridium gelaiinosum 272, 273 , 

— Pasteurianum 270, 273 

Clover. Pleophylly 376 

Clover, Four-leaved 376 

Club-root of beets 871 

Coalescence. Natural processes 847-50 

Coating substances, Injuries due to.. 756-65 

Cobalt in waste water ; 755 

Cobb’s disease of sugar cane 696-97 

Coccus caricae. Fab 710 

Cocoa. Fhytophthora decay 462 

— Unfavorable soil 231 

— Wind action 472 

Coffee. Black rust 230 

— Hlorokzickte 230 

— Canker 230 

— Djamoer oepas 230 

— Root rot 231 

— Swarte roest 230 

— Unfavorable soil 230 

Coffee arabica 230 

— liberica 230 

Coffee plantations. Use of shade trees. 657 

Cold. Icturus from 309 

Colletotrichum .'261 

CoUilris quadrivolvis 828 

Coloration, Autumnal 127, 500-4 

in trees 280-81 

— Red, due to excess of light 673 

in grain ^1-82 

Coloring matter, Red 127 

Colors, Warming up 127 

Commensalism ii 

Common salt. See Sodium chlorid. 
Compositae. Doubling of the blossoms. 375 

Cone disease of conifers 372 

Conifers. Blight of tops 487-^ 

— Cone disease 372 

— Differences between lightning and 

frost wounds 489-93 

— Leaf blight from frost 883 

— Resinosis 711-16 

— Ring barking 615 

Consei^'atories, Sunburn in 643-44 

Consitution of soil. Unfavorable. 

Chemical 264-407 

; — Physical 13^263 

Constriction, Spiral twisting of wood 

fibers due to 8l7 

^ Constriction of the axis. Effect 817-21 

j Cont^ium vivum fluidum of the mosiac 

Control, plants. Cultivation 744 

Convallaria majalis ....136 

Copper, Injuries due to 740, 761 



Copper nitrate in waste water 754-55 Decay 

— rust of hops 283 Decoir 

, — solutions, Injuries due to ;6i Decon 

^'ec also Bordeaux mixture. 

— sprays. Intumescences after use — 0 

on grapes 762 Decor 

— sulfate in waste water flore 

Copulation 831, 838-39 

Cork disease of cacti . ..428-30 

— formation on fruits 432-34 D^oi 

— holes 575-76 Dcfoli 

— outgrowths 426-28 — i 

— warts on grape stems 432 Defol 

Cornus alba 105 ' — ( 

— mascula .,105 — ( 

— sanguinea 105 — t 

— rifeiViVa — - 105 l)cfot 

Correa 134 Degci 

Corylus ti. 105 Dona 

Coryneum Beijerinckii, Oud 556, 706 I>en(] 

— gummiparum, Oud 708 Dend 

Cotton. Effect of fog 458 Denit 

— Stem browning 228 Dew, 

— Unfavorable soils 229 ing 

— Wilt disease 229 Dew 

Cow bushes 146 Diapt 

Cramp due to drought 281 Diapl 

Crataegus 107, 127 — 

— Twisting 177 

Crenates 240 DiJy 

Crenic acid 240 Didy 

Creoline '60 Die -1 

Crippling phenomena, due to frost 508 Digit 


Decay 205 

Decomposition 196^ 205 

Decomposition of -proteins clue to lack 
of light 669 

— of soil .iq6^ 205 

Decorative plants. Drying of the in- 

. florescences 296-97 

Excessive nitrogen fertiliza- 
tion 393-95 

D^oubleracnt 376 

Defoliation, Autumnal 527 

— Summer 347, 411, 661 

Defoliation due to frost 347, 527-31 

— due to growth 347 

— due to beat 347, 411, 644-45 

— due to turgor 351 

Deforestration. Had effects 89 

Degeneration 34-40 

Demalophora nccatrir 710 

l>endrm 760 

Dendrobinm. Specking 261 

Denitrification 269 

Dew, Capacity of sandy soil for becom- 
ing wet with 149 

Dew fall. Heavy 133 

Diaphysis 374 

Diaphysis of grain beads 466 

— of potatoes 163-64 

Dicotyledons. Resin formation 7’6-l7 

[)idyiiiost>baer{a populiiia 5 .S 9 

nidymosporium salicinum 559 

Die-back of the orange 392 

Digitellus 53 


Crops, Preceding. Influence 275 IXoecia. Tendency in crytogains 289 

Crotch blight 504 - Tendency in ferns 289 

— canker in fruit and forest trees. 503*94 Dioscorea 232 

Crust formation on soils no Dwspyros Kakt. Nanism. 

Cryptogams. Sexual organs 289 


— Starvation condition 287*80 

Tendency to dioecia 289 

Crystal-azurine Mylius 7^5 

Cucumbers. Splitting — •••, 462 

Cultivation. Methods. Injurious 

effect -JSOv^ 

Cultivation of moor soil, Changes due 

to 25 ^- 5 * 

Cultures, Feeding, for soil ’42 

Cupressus , “4 

Cupressus Bregeom 

— Lawsoni 




Discoloration of Fagns silvaika 280 

— of trunks and branches 57^*79 

— of woody plants 279-81 

Disease. Definition 9 

— Excitor 27 

— Inheritance 31*34 

— Limitation of concept.* 5*7 

— Xature .....5-40 

— Predisposition due to lack of 

light 666-70 

— Production 

— Special cases, due to elevation 

above sea-level o’*® 


irsrGn.,ri,, "fv- 


Currant, Black. Gnar! formation. .... 

Cuticula. Rupture ■ -.“ 3-24 

Cuttings. Production of new varietKS.ttJy 
— Utilization of various organs. 

Cuttings, Leaf o73-7o 

Cyathus 

vuigarb. Gnari formation .... 385 

, Cymbidium Lowi. Intumescence W 

Cystisus J 

r *" Mftnthnm iiurnfioma . 


— caused by smoke. • • • • 49 # 459 

— Eelty ^79 

. — Relative ' 

r-: Shrivelling, of the mulberry .... 690-92 
Diseases. Constitutional •■••• 

— Enzymatic o 75 * 7’7 

— General 

— Leaf-casting 

— Local, of plants 


Cystospora liucostoma Vc6 Diseases due to location of the soil. .72* I 37 

— rubescens unfavorable soil condi- 


_ . . , I tions I " 


Dofigkellanziekte of sugar cane 228 

Dofmancy ^3 

Dormant eyes 785 

Dormant period *25 

Dothiora sphaeroidcs Fr ....559 

Double-rings 615-17 

Doubling 37 Si 379 

Dracaena. Yellow spots — 435 

Drain mats 3*9 

Drain tile. Dogging 3*9 

Drainage I 97 » 232, 233, 267 

Draining of moor soil 257, 258 

Dropping of the flowering organs... .353-52 

— of the fruit 296 

— See also Casting; Shedding; Shell- 

ing. 

Drops}^ 335-39 

Dropsy m grape cuttings 881 

— in pomes 338-39 

— in Ribes auremn 336 

— in small fruits 335*38 

— in stone fruits 338-39 

Drought *31 

— Effect on field products 155-57 

— Effect on germination * 57*58 

Drought, Jaundice due to 3 ** 

— Physiological 245, 749 

Drought cramp 281 

— spots in grain ...282 

— tears ? 568 

— with the cherry 281 

Dry-rot due to waste lime 195 

— of beets 415^16 

Drying of foliage, Premature 284-85 

Duct bosses .,...570 

Dunes ' *49 

Dwarf growth 142*47 

— stock *05 

Dwarfing due to scarcity of water *45 

Ecblastesis 375 

Eel-worms 855 

Electrical discharges 480-97 

Electricity, Effects of experimental. 488, 882 

Electricity in city planting 493 

Electro-culture. Disadvantages 496-97 

Electrolytes *93 

Elm. Bark refuse 259 

Elymus arenarius, L 90, 150 

Embryonic plasma . . . . : 3 * 

Emer^nces — 434 

— in Ampelopsis hederacea 440 

Encrustation of the soil.. 134 

Endemics i *9 

Endomyces vernatis Ludw *.855 

Enzymatic diseases 675 - 7*7 

— functions. Displacement 675-717 

&izymes p. .'..........887 

Enzymes in plants 883 

Epidemics *9-23 

Epilobium hirsutum. Adaptation eda- 
city ..i 322 

^istrophe .673 

Equisetum palustre, L, Formation of 

drain mats due to ,*>319 

Ergot 50 


Ericaceae. Root-ball dryness^ ....... 181^ 

Erincum Pers .^*....^ 17 ^ 

Eriphorum - •256’- 

Erysiphe Fabricii .. K ^ " 

— ^rnmtntj .6if£^ 

Erysiphe Th S 3 

Ether-forcing 76$ 

Etiolation 3 o 8 » 654 * 57 " 

Etiology 7 

Eucalyptus. Intumescence ..7.444 

Evaporation. Increase with lack of 

nutritive substances .3*8 

Evonymus Japonica. Nanism ,.I 44 

Excrescences on bark 329 

Exoascus • *46 

Experiments, Cultural, with lack of 

calcium f - 393 

Exposure, Southern 86 

Factors, Vegetative. Accumulation.... ^ 

Faule of tobacco '.685 

Fagus ** 

Fagus silvatica. Discoloration 280 

Fallow land 188-89, 273 

Fames 53 

Familic 4 a S 3 

Fasciation 33 t 333*34 

— due to frost 559 

— in Picea excelsa 332 

Felty disease *79 

Fermentation, Alcoholic 100 

Ferments. Pectin 271 

Ferns. Apogamy 342 

— Tendency to dioecia .289 

Ferns, Viviparous 342 

Ferric sulfate. See Iron sulfate. 

Fertilization. Exhausting effect 266 

Fertilization, Salts for 192 

Fertilization of moor soil 257 » 258 

— with green manure 234, 267, 271 

— with iron sulfate 402 

— with nitrate of soda. 223 

— with potassium 129, 156 

Effect on growth 156 

— with sodium chlorid .*93 

— with straw 269 

Fertilizers, Turning to peat 271 

— Injurious effects 767 * 7 * 

Fever reaction in plants 871 

Field Crops. Effect of drought * 55-57 

Over-fertilization 392-93 

Fields. Spray lightning action 495 *^ 

Fig trees. Gummosis 710-11 

Filositas 161-63 

Flaccidity. Phenomena 8 

Flashes of lightning 480-87 

Flavor, Frosty, in grapes 5*8 

— Hard, in grapes, due to hail 469 

Flax. Jaundice (U jaune) 

— Reds (le rouge) .283 

— Yellow (le jaune) 

Flocculency 

Flour. Loss of baking quality due to 

sprouted grain 32 * 

Flower clusters. Shedding in hya- 
cinths ••365*67 
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" Flower pots. Washing _ 

Hpwertng organs, Dropping... ^ 

Flowers, Green ^ 

■F^g ashes 

Fodder beets. Root blight...'.'.',',' 

F^er peas. Lodging .....6^ 

Fog, Effect on cotton ' ' ' 

— Protection against frost,... 

Foiiage. Injuries g-lTo. 

- Perforation .427, 430-32; '444,^5 

- Prematee drying ^ 

ft. — Yellowing due to frost... rrl 

- Yellowing in camellias due to ex-' 

cess of light 5., 

Foliage, Older. Behavior with acute ' 

frost action 5’4-26 

Food concentration. Increase ;;3M7 

Food stuffs. Relation to the soil struc- 
ture 

Fool’s-head formation in hops., li. 

Forest litter .. l86-h'7,'27o 

l-orest trees. Crotch canker 593.^4 


Isolation 


327 

Forestration. Advisability ?9 

134 - 3 ?. 187-88 

— Use as protection 150 

“Forks” of grapes 345.46 

Fox of the hop 282 

■ Freezing back of older branch tops.. 553-53 

— of heavy soil 235 

• —to death .S04-7 

Frenching disease of tobacco 

Friability, Dependence of tillage on 194 

Frost. Attack on immature growth. .. .554 

— Behavior of beets 5.31-32 

— Behavior of cabbage plants.... 531*32 

Frost, Acute. Effect on foliage 524-^ 

— Black 537 

— Experimental production of par- 

' enchyma wood by 617-20 

— Late. Damage 136, 432 

— Protection by fog against 511 

— Protective measures against 624-30 

— Susceptibility of moor vegetation 

•to ..251-53 

— Theory of the mechanical action 

of 620*23 

— Varieties hardy to...'. 500, 631 

Frost action. Effect on roots ..562-66 

Special cases 514-637 

Theory as to nature 507-13 

— blisters 524, 532-34. - 56^74 

— boils of cherries 5/2 

— canker 583 

— causing cambial browning 612 

cell membrane loosening 581 

cell passages 613 

■ changes in blossom organs. .518-23 

— — crippling phenomena .508 

~ — • damage 1367 432 

r- — deficient greening of younger 

foliage 526-27 

— — defoliation 3477 527-31 

— — differences in tension ...SM 

— drying of cherry trees 555-58 


154 


Frost causing dying of twigs.. 

excessive chilling 

lasciatioii 

heaving of seeds* . ’’.V. 

injury to bud cushions . .,77 

injury to spring growth 550 

— internal injuries to the grain 

stalk 539-41 

■ internal injuries to the young 

grain 537*41 

internal splitting of trunk and 

branches 581-83 

leaf blight of conifers 883 

medullary ray displacement! !!!57i 

movement phenomena . , .547-53 
running to seed of beets. .516-18 

rust rings in fruit 523-24 

splitting of leaves 

stalk lodging 542 

— — super-cooling 'jog 

wilting .• 545.5, 

yellowing of foliage .S04 554 

-'''•■fts .".566-69 

-^fve 630 

— danger in sandy soil 149 

-hoks „j7 

576-81 

— plates 609 

— prediction 630-11 

— '■''Ig's. V 565 

— tears, Internal 569 

Open 583-85 

— wounds in conifers 489*93 

— wrinkles 574-75 

Frosting ; 504.7 

Friiclitkiichen 338, 339 

Fruit. Cork formation 432-34 

— Dropping 296 

— Hardy varieties 631*33 

— Mealiness 166-& 

— Ripening, Premature 166 

— Rust rings due to frost 523*24 

**- Rusting of the peel 170 

— Seedless 292*95 

— Self-sterility 291 

— Sprouting 375 

~ Watery taste 323 

Fruit cushions. See Frucbtkudwi. 

— spurs. Casting 338 

— trees. Crotch canker 593-94 

Root grafting 840 

— varieties. Advantages of pure 

planting *....295 

for dry soils I 74'75 

Fruits. Double 376 

— Sunburn 645*46 

Fuligo vagans 56 

Fuitiago ^ohVitia, Tub 710 

Functioning. Maximum* degree 9 

— Minimum degree 9 

— Optimum degree 9 

Fungus marinus 53 

— panLi simiiis 53 

Furrowing in heavy soil 234 

Furrows, Open ....235, 511 

Fusarium 204 
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FMjartMm ntoschatum 855 

Fusicladium 171 

Fusisporium candidum Lk 558 

Galactan 705 

Galactin 705 

Galactose 167 

Gallimaceus S'* 

Gas, Illuminating 744-47 

Gas phosphate 7^ 

Gas-works, Refuse 756 

Gases. Exchange 314 

Gases, Injurious. Effects 718-71 

Gayhead in tobacco 229 

Gelivure of the grape vine 495 

Gemmules 31 

Generation, Spontaneous 54 

Genista 150 

Geoponica 44 

Germ plasm * 31 

Germination, Effect of carbon dioxid 

excess 109 

— Effect of drought 157-58 

— Necessity of oxygen ioq 

— Tests 201 

Germination of seed in fruit 321 

in ice 499 

Germination power. Higher.. 125 

Retention 107 

Gingko Biloba. *Chici 386 

Cylindrical gnarl ...386 

\'ipple 3^ 

Girdling 787-97, ^5 

— Effect" in grape culture .354. 788 

Girdling disease of the red beech 219 

Gladiola. Diseases 316 

Glassiness of cacti 453 * 57 , 7*7 

— of carnations 717 

— of grain kernels 129-31 

— of orchids 651. 717 

Gloeosporium 261, 263 

Gheosponum nervisequum 304 

Gnaphalwn Leontopodium 84 

Gnarl. Cylindrical, of Ginoko Biloba. . .3^ 
Gnarl formation on black currant 382 

on Cydonia vulgaris 385 

on Pirus Malus sinensis 381 

Gnarl tuber ^3 

Goitre gnarl, Herbaceous 378 

on Acer campesire .....378 

on Prunus Padus 385 

on trees 378-87 

Gold of pleasure, sown to prevent lodg- 
ing ; 665 

Gommose bacillaire 851 

Graft, Bark 831, 837 

— Cleft 831, 833, 838 

— Root 840 

— Saddle .. . v 1 831 

— Whip 837 

Graft symbionts. Callus formation 887 

Grafting 829-47 

Grafting, Dwarf stock in 105 

— English tongue 845 

— Hybrid formation by .845 


Grafting. Mutual influence of scion and 
stock in 841-47 

— Transmission of chlorosis in.... ..697 

— Yellowing of the' stalk in.... .’....284 

Grafting by ablactation 831 

— by copulation ..831, 838-39 

— by insertion 831 

— of grapes 844 

Grain. Blackening 72 

“ Blasting .160-61, 282 

— Delayed ripening '.••365 

— Diaphysis 466 

— Drought spots 282 

— Effect of hail. 464 

— Effect of harvesting in the milk 

stage 295 

— Excessive straw growth .365 

— Glassy kernals 129-31 

— Internal injury due to "frost. .. .537-41 

— Lodging 365, 662 

— Proliferated heads due .to hail 466 

— Red coloration .281.82 

— Roots from seed tips 116-20 

— Spotted necrosis -372' 

— Sprouting 32<>2i 

Grain. Winter. Harrowing 236 

Granulation -of the rose stem 434 

Grapes. Bark warts 881 

— Canker 596-98, 601 

— Changelings i .346 

— Chforosis . i .402 

— Corky warts on stem 432 

— Double tips — ' .345,' 

— Dropping of blossoms 

— Dropping of young berries ,jw 

— Effect of girdling 354. 788, 

— Effect of spray lightning.. .... .493-95 . 

— E.xcess of calcium 402.3 

— Forked growth .345-46 

^‘‘Forks’’ ......345. 

— Frosty flavor ,518 

— Gelivure ; 495 

— Grafting 8^ 

— Hard flavor due to hail 4^ 

— Herbaceousness ■■• 34 . 5 ' 

— Icterus 210, 402 

— Injury from sunburn 646-4? 

— Intumescence 4^ . 

after copper spraying 440 

— Jaundice .-. 402 

due to excess of calcium 310 

— Leaf scorch 283 

— Maladie peclique 284 

— Parching 283 

— Pectin disease 284 

— Red scorch 283 

— Scab ..596-^ 

— Shelling of the blossoms 354 

— See also, Vitis. 

Grapes, Seedless 355 

Graphttlilhia Chermes 723 

— paciolana 723 

Grass. Burning out .285 

— Disappearance 362 

— Effect of excess of nitrogen 365 

— Influence 276 
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Grasses. .Red coloration 

Gray sand 

Green-manure fertilization . . . .234 
Greening of inflorescences ’341 

— of younger foliage. Deficient. 'siSy 
Ground water level. Depth in moor soils 257 

lowering ,06, 150-32 

— — —Raising jg. 

Growth. Arrestment due to radium rays .672 

' due to Roentgen rays 672 

— Defoliation 247 

— Effect of humidity 423-25 

— —of potassium fertilization 156 

Growth, Double 1-5 

— Immature. Effect of frost 

-- Twisted 821 

Guignardia BidweWi 26, 669 

Gum cells 

Gum exudation in Acacias 707-8 

in bitter oranges 708-g 

in plants “./O"-!; 

- Gunimosis. Use of vinegar made from 

••• wine 

. Gummosis of cherries 699-707 

— of fig trees 710-11 

— of olives 711 

Gymnosporangium 53 

Gymnosporanghtm Sabinoe 62 

Gunnera ii 

Gypsum 195, 250, 402 

Habitat. Effect of changes on herba- 

•' ceous plants 72-75 

Habits, determining peculjarities in 

plants 39 

Hail 463-70 

— Effect on grain 464 

— Effect on hops 466 

— Effect on potatoes 466 

— Effect on rape .466 

— Effect on tomatoes 467 

Kail, cannonading against .-470 

— causing bark wounds 468 

hard flavor in grapes •••.469 

lodging of the stalks of grain.. 542 

proliferated grain heads 466 

Handles on trees 

Hard-shells of seeds f* 5 . 420 

Harp^trees 93 

Harrowing *. 236 

Harvest. Decrease due to tree shade... 657 

Health. Latitude 9 

Heart rot 615, 851 

due to waste lime 

of beets 4i5-j6 

of horse radish — 7 U 

Heart wood. False 852 

— — Wound ^52 

Heat. Death ...63" 

— Defoliation 347 * ^-45 

— ^cess ; 638-53 

Premature ripening ...' 640 

— » — See also Sunburn. 

'-Lack 498-637 

Heat rigor 

Heath soils. Disadvantages 242 


■ m 
- 54 
•;o5 


Helianthus annus. Effect of defoliation .341 

tlelichrysum 

Helotium 

Hemi-ceiluloses 

Hemi-parasites ^ . 

Hemi-saprophytes 12 

Herbaceousness in grapes 345 

Hericia 855 

Hibiscus z’itifolius. Intumescence 448 

Hieracium alpimtm 84 

Hilling of heavy soil [234 

Hippeastruin 12" 

Hippophae Thamnoides. L 90, 150 

Hoar frost . ..’.636 

Summer 637 

Hoeing of the soil 184, 234 

Holoparasites 12 

Holosaprophytes 12 

Homogapiy 293 

Honey dew 55, 412-15 

Hops. Barrenness 342-44 

— Blindness 342 

~ Copper rust 283 

— Effect of hail 466 

— Effect of shading ...283 

— Fours head formation 342 

— Fox 282 

— Heating 344 

— Pole red 283 

— Red tan 282 

— Reds 282-83 

— Summer rust 282 

Hormodendrum disease 742 

Horn prosenchyma 707 

Horn shavings. Use as fertilizer. . .393, 305 
Horse radish. Black ring condition. 7 17, 884 

Heart rot 717. 1^4 

Horticulture. Use of sand 261 

— Use of sphagnum peat 260 

Hot bed plants. Wilting 277 

House plants 419-20 

Leaf fall 352 

Humea L 34 

Humic acid 241, 722 

Humidity ^23 

— Effect on mode of growth 423-25 

Humidity, Excessive. Effect. .75, 123, 423-57 

Humin 241 

Humus, Raw -i 49 , 190, 242, 271 

Humus fermenting organisms 272 

— sandstone 243 

— substances — ^ 5 i 

Hvacinths. Ring disease of bulbs . 326-27, 451 

— Shedding of the young flower 

clusters 356-57 

— Skin diseases 

Hybrid formation by grafting.- ^045 

Hydrochloric acid 

Hydrocyanic acid 79 ^ 

Hydrofluoric acid 729*39 

Hypochlorin 

Hypocrea rufa II 

— Sacchari 

Hypoplasia 

Hysterium — 



Ice, Gwinmation of seed in 499 

Ice coating 634-37 

— formation. Favorable effect 510 

Icicles 634-37 

Icterus 307-12 

— due to cold 309 

— of grapes 310, 402 

Idioplasm 31 

Igniarius 53 

Immunity 128 

Immunity and predisposition 27-3r 

Immunization, Artificial 23-25 

Inertia 39 

Inflorescences, Proliferation 374 

— Sie also Blossoms ; Flowering 
organs. 

Inflorescences of decorative plants. Dry- 
ing 296-97 

Inheritance. Nature 32 

Inheritance of disease 31-34 

Inscriptions, Wounds due to 781 

Intra-molecular respiration 99, 313 

Intumescence, Internal 447 

Intumescence after copper spraying 762 

— due to spraying injury 441 

— on Acacia hngifolia 43^ 

— on Acacia microbolrya 437 

— ■ on Acacia pendula 443 

— on Aphelandra 448 

— on beans .446 

— on cacti. Internal 430, 454 

, — on Ca«j<i iom 4 ntosa 436 

— on Cymbidium Lowi 444 

— on Eucalyptus 444 

— on grapes 438 

— on Hibiscus vitifolius 448 

— on Myrmecodia cchinata 437 

on peas 446 

— On Pelargonium zonale 438 

— on Ruellia 448 

Intumescences 432, 435-49 

Intumescentia 435 

Inundations 195-96 

Iron, Lack 307-12 

— Occurrence in waste water 753*54 

Iron silicates 251 

— sulfate ..^i 

Fertilization 402 

— sulfid 250 

Iron-spottedness of potatoes 391, 8& 

Irrigation of soil 182-83, 196 

Ishikuhyo of the mulberry 690 

Isolation of forest trees 327 

fsopyrum biternatum 12 

Jadoo fibre 263 

Jahresbericht, Botanischer 60 

Jaundice ....307-12 

— caused by drought 311 

lack of iron 307-12 

lack of nitrogen 310 

lack of potassium 310 

Jaundice (le jaune) of flax 283 

— of grapes •....402 

due to excess of calcium.... 310 

— of poplars ^ 


Le jauHe of flax ♦.♦i. .2%; 

Juglans Wf 

Jitp^erus. Rooting of brandhea,.. 

Junipetus communis .XQ5 

— phoenicea. Bending by wind 4^5 " 

— SoWho ..,105 

Juvenile form, Retrogession to the..... 377 

Kainit 4O4 

“Knick” 192 

Krados 42 

Lactic acid, Injury from factories pro- 
ducing 761 

Laelia. Specking .261 

Land. Conversion into swamps 196-99 

Land plaster. See Gypsum; Plaster, 

I.and. 

Landslides. Effect 90 

Larch. Retrogression in its cultivation .81-84 

Latitude. Greater differences 120-31 

Latitude of health 9 

Latitude of life 9 

Laurus 133 

Layering. Quinces 816 

Leaching. Soil 243 

Lead. Injuries due to 740 

Lead nanism 753 

— sand 243 

Leaf. Aurigo 434 

Leaf blight of conifers ^3 

— casting diseases 349-52 

— curl of potatoes 395-99. B82 

— cuttings 378, 873-78 

— edges, dried by hydrochloric acid.. 724 

— emergences 434 

— fall in azaleas 352 

in Begonia fuchsioides 353 

in house plants 352*53 

in Libonia fioribunda 353 

See also Defoliation. 

— injuries 871-73 

— mould. Use with orchids 262 

— perforation 427, 430-32 

— scorch of vines 283 

— spot diseases of sugar cane 228 

— wilting ^ . .365 

Leaves. Bud formation .....378 

— Cork outgrowths ^..427 

— Falling i 346-49 

— Injury from wind 4^7 

— Splitting from frost 534-36 

— Sunburn in nature 641-43 

— See also Foliage. 

Leaves. Bitten 430-32 

— Perforated 4^32 

Legumes, Blasting 160-61 

Leguminosae, Advantages to soil of 

growing : ........232 

Leguminosae seeds. Hard shells^ . . .420-22 

Light lines 420 

Lentkels 215 

— in potatoes 369 

Lepidktm sathmm 74 

Leptoiphaeria. Lodging of grain italktr 

due to 
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htpiothyrium pomi Mnt^g 170 

Lfuconostoc iMgerheimii Liidw 855 

l^rteUa faginea. Desm 558 

Ubonia ftoribunda. Leaf fall -.c, 

ticheniam ..1...' | ,i 

Lichens on trunks 331 

Life, Latitude g 

Light. Excess 671.73 

Red coloration 673 

Shadow pictures 673 

Yellow foliage in camellias 671 

— Lack 654-70 

Gianges in acid content in 

plants 668 

Protein decomposition 66g 

Sugar blocking 667 

Lightning. Effect on beets 405 

— Effect on potatoes 495 

— Flashes 480-87 

— Internal striking 486 

Lightning, Spray 486 

Effect on fields and meadows 

• 495-96 

Effect on grape vines 493-95 

Lightning wounds in conifers 48^3 

Ligiiihcation of roots 179-& 

Li^strum 103 

Liliaceae. Faulty blossom development. 417 

Lily-of-the-valley. Failure 395 

Lime. Scarcity indicated by sorrel 237 

Lime kilns. Tar vapor 737 

Liming I94. 238 

— Periodic 268 

Lingua 53 

Linum usilatissimum 107 

Liquids, Injurious. Effect /tS-"! 

Lithiasis 1 / 0-74 

Litter. Cautious removal 149 

— Excessive use I 94 

— Layers 242 

Raking tpo 

Loam, Loose 191 

Lodging '31 

— of fodder peas 665 

— of grain 365, 662-66 

— of grain stalks 542 

Longevity due to grafting 839-40 

Lopas 43 

Loranthus — ^ 

Loranthus senegalensis 7 * 

Loupe *3 

Loxas d 3 

Lutidine 400 

Lychnis diurna *47 

— tjesPerlina ...'47 

Lycium barbarum, L '50 

Lycogala 53 

Lycopus europaeus. Adaptation 3 ^ 

Lysol 

Lythnim. Adaptation 3^2 

Mafuta disease of Andropogon sor- 

ghm ; 4 ^ 

Ma^ ring, Pomological 7o9 

Magnerium. Excess 399-402 

Lacll Changes due to 305-o 


Magnesium chlorid in waste water 

„ .....750, 751-52 

Magnesium compounds, Concentrated. 

Poisonous effect 361 

Magnolia hypoleuca ”.!i59 

Malse. Unfavorable soil ' 231 

Mat dg mosaico of tobacco 685 

Mol della boUa of tobacco 685 

Mai della gomma 7og 

Mdl nero 219-20, 709 

Maladie pectique of grapes 284 

Malformaliws 57, 73 

Malope graudifiora. Stem calluses 443 

sinensis. See Pirus malus sinensis. 

Maniinia fimbriata 559 

Maima. Exudation 711 

Mannan 705 

Manniok 232 

Manure, Green 234, 267, 271 

— Stable. Fresh 269 

Marciunie del Fico 710 

Markasit 250 

Market varieties 138 

Marling 194, 238 

Marling, Scurvy from 370 

Marshy change in soil causing frost 

susceptibility .• 196 

Mauchc of tobacco 68$ 

Meadow ore 192. 243 * 49 t 251 

Meadows. Effect of excess of potas- 
sium 405 

— — of harrowing 236 

— Improvement 362 

Meadows, Changes in 362-64 

— Moor 260 

— Mossy 364 

— Rankly growing places in 364 

— Spray lightning on 495 * 0 ^ 

— Use of ammonium salts on 363 

Mealiness of fruit 166-68 

Measures, Protective, against frost. .624-30 

Mechanics, Developmental 66 

Medullary rays. Displacement due to 

splitting 57 f 

Excrescences 3 ^ 

Melaeris 4^2 

Melligo 4>2 

Menkria/iV annua M 7 

Metamorphosis, Progressive 372-77 

— Retrogressive 340*44 

Methods, Preventative 23 

Micrococcus dendroporthos.. Ludw 855 

Mildew 42 

— 5"^^ flfio Rubigo 

Milk stage, Effect of harvesting grain 

in 

Millet, Brush. Unfavorable pi 232 

Negro, Unfavorable soil 232 

— Sorghum. Mafuio disease 415 

. 1 /iwoja pudica. Drought cramp 281 

Minwlus Tilingii To 

Minimum, Law of the W 

Mites ^3 

Mobilization of reserve substances 100 

Moisture 3^9 

— Fluctuations 
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Moisture. Lack 275-87 

causing changes in produc- 
tion 278-79 

tip blight 189 

in the soil 182 

Moisture, Atmospheric. Sec Humidity. 

Mombacker disease of apricots 479 

Mongrel disease of tobacco (K5 

Monilia cinerea 706 

— fructigena ’ .*.706 

Monstra 57 

Monstrosities 57 

Moon-rings 613 

Moor plants, Horticultural 260 

Moor soil. Bacterial flora 256 

Changes through cultivation. 256-58 

— Depth of ground water level... 257 

Disadvantages ..240-63 

— — Draining 257 

Fertilization 257-58 

Potassium chlorid treatment. . .257 

— — Sanding ....256 

Moor vegetation. Susceptibility to 

^rost 251-53 

Morphaesthesia 139 

Mosaic disease 229, 684-^ 

Contagium vivum fluidum 688 

Effect of cultivation ^7 

Predisposition 687 

Virus 687 

Mojiaikhelegsege of tobacco ^5 

1 ^ Mosaique of tobacco 685 

Movement phenomena, due to frost.. 547-53 

Mneor 53w66 

• Mneor albus 53 

— racemosus loi 

— spitiosus 99 

— stolonifer 13, roi 

Mulberry. Ishikubyo 690 

— Shikuyobyo 6^ 

— Shrivelling disease 690-92 

Mulching % 184-85, 235 

Mules disease of potatoes 161-63 

Multicolor of potatoes 391 

Mycoplasm 34 

MyCorrhiza i [ 

Myrmecodia echinata. Intumescence. . .437 
Myrtus 133 

Xanism 142-47 

Necrobiosis 703 

Necrosis 56 

— Spotted ^...372, 741 

Necfria ditissima 46. 137, 588, 592 

Neptun 760 

Nickel in waste water .755 

Nicotine 4^ 

Xielle of tobacco » ^5 

Nidularia 53 

Nipple on Gingko Bihba 3^ 

Nitrate of soda fertilization 193, 223 

— — See also Chile saltpeter. 

Nitric acid ...» 7y> 

Nitrogen 270 

“■ Excess. Effect 365, 387-99, 709. 

r Effect on rhubarb 392 

Retarding effect on ripening. . .394 


Nitrogen. Lack. Changes in produc- 
tion ....287-98 

Nitrogen fertilization, Excessive. Effect . 
on decorative plants 393“95 

— hunger ....270 

Jaundice 310 

— stor^e by bacteria 270 

Nutriment. Increased concentration. 360-87 

— Lack 175, 275, 287-319 

. — Relation to plants 274-319 

Nyctomyces 56 

Nyctomyces candidus ...614 

— utilis ,614 

Oculation. See Budding. 

Oecological variations 73 

Oedema 335-39 

Oil fumes. Injury 757 

Olive. Gummosis 711 

Olivile 711 

Ooze coating. Injury to sewage dis- 
posal beds V366 

Ophiobolus 137 

— causing lodging of grain stalks 542 

Optimum degree of functioning 9 

Opuntia. Cork disease 429 

Orange. Die-back 392 

Orange, Bitter. Gummy exudation. . .7C8-9 
Orchids. Glassiness 651, 717 

— Specking 261-63 

— Use of leaf mould 262 

Organism. Cultural aim 6 

— Developmental mechanics 66 

— Force of self-preservation 6 

— Self-purpose 6 

Organs, Axial. Wounds 772-880 

Organs, Sexual, in cryptogams 289 

Orobus vernus 75 

“Orterde” 243 

Osmunda regalis -.2^ 

Outgrowths on roots i^i 

Over-fertilization of celery 392 

— of field plants 392-93 

— of rhubarb • 392 

— of vegetables 392-93 

Overgrowth edges, Gnarly 859-61 

Overgrowth of wounds 776-81, 783 

Oxalate of calcium 792 

Oxalic acid ,...223, 449 

— — content of edible roots 223 

Oxalis crenata 109 

Oxygen. Excess. Effect 315 

— Lack. Effect 313-16 

Suffocation 313 

— Necessity in germination 109 

Oxygen rigor 313 

Oxyphen acid 503 

Paeonia arborea. Bud cuttings 828 

Pan-genesis 31 

Panachure. See Variegation. 

Pandanus javanicus. Yellow spots 434 

Papaver somniferum. Pistillody ..'....372 
Parasites. Energy of growth 15 

— Nutritive substrata 17 

Parasites. Facultative 15 

— Obligate 15 
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Parasites. Wound 15 

Parasites of weakness 15 

Parasitism 12 

Parching of grape vines 283 

Parenchyma wo^. Experimental pro- 
duction by frost action 617-20 

Parenchyma wood aggregations 613-15 

Parenchymatosis 5, 338 

Parthenogenesis 178, 342 

Pathogeny 7 

Pathography 7 

Peach buds. Dropping, 645 

— rosette 6(ii 

— rot 763 

— yellows 697-90 

Peanut diseases 690 

Pears. Lithiasis 170-74 

— Stoniness 170-74 

— Varieties for dry soils 175 

Peas. Intumescence 446 

Peas, Fodder. Lodging 665 

Peat, Sphagnum, in horticulture 261 

Peat mulch 265 

Peatrification of the fertilizer 271 

Peaty earth 185 

Pectine iw 

— disease of grapes 284 

— fermenting organisms 272 

— ferments 271 

Peeling of bark by game 

Pelargonium. Bud disease 146 

Pelargonium zonak 43^ 

Penicillium M. 327, 706 

PeniciIHum glaucuin 13* 204, 45J 

Peunis€lum spicaium. Unfavor.'ihle 

soil "If 

.Pentoses : 

Perforation of the foliage ■■■ 

427, 430-32, 444, 440 

Periodicity, Corrective 

Peronosfora vkic^ -W’ 

Pestilences, Chart of -J>^ 

' Petalody 

Peziza S" 

Pensa IVillkomiiiii •■•04 

PJmhenopsis amabiUs, var, Hiiiiensladi- 

ana. Specking 

Phascolus ^ ’ toj 

— Effect of lack of cakinra 3^ 

Phenol ^ 

Phenomena, Life, at low tempera- 

tures 

Phenyle, Little’s Soluble /“ 

Phillyrca. Wind-bending 
Philodendron, Grafting expenmeirts...^ 
Phleom. Circumvallation 

Phoma ,■ ' ’ 

Phoma Setae, Frank * ' ^ 

Phosphor ^acid. Excess • ' ’ 

Phosphorus. Lack. Effect 3'^ 

Phragmidium 'teV 'V iro 

Phyllachora pomigem (hchw.) 

Phylleriura 


Phyllocactus. Cork disease 429 

Phyllody 340-44 

Phyllomorphosis 341 

Phyllosticta 261 

Phyllosticla Sycopltih. Thiim 710 

Phytopathology 7 

— Historical survey 41-71 

— Periodical literature 66 

Phytophthora 62 

Phytophthora decay of cocoa fruits 462 

Phytophthora infestaiis 21 

Phytoptus 146 

Picea log 

Picea excclsa. Fasciatioii 332 

PicoHne 460 

Pigmcnl, Red 127 

Pilobolus 54 

Pilosis I77-79 

Pimelea I34 

Pine. Dropping of the needles 349 

— Shedding of the hark 250 

— See also Pinus. 

Pineapple. • F.iilure 650 

Pinosoi 760 

Pinus ^05 

— Nanism 144 

Pimis iiiofiiand 247, 475 

— sUi'estris •94, *97 

— — f. turfosa 249 

— See atso Pine. 

Piricuhno Oryzeu Br. ct Cav 31.^ 

Pints communis ,.,.281 

— Gnarl formation. ,381 

Plssodes Heirinme 

— "-3 

Pistillody 372 

— in Papaver somiiifenun .3/2 

Pisum 


Pisuin salivitm 
Pith bridges .. 

— repetition 

— spots — 
Plant coverings. 
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II 

'/.! 107 

577 

613 

613 

L Effect 

— Effect on soils 105-86 

— diseases. Classification 48 

— diseases, Constitutional • i® 

General 

— ^ IxKal 

— hygiene 

— protection g 

Planlago alpim ^ 

— maritima 

Planting, Depth , '”4 

Planting, Autumnal. Precautions ...^.505 

— Too deep 

— Too shallow^ 

Plants. Burning in moist soil 

— Check •; 

— Cultural position .... — 

_ Dormant period 

— Etiolation 

Law of inertia 


98-120 
....10^ 
199-200 
.... 9 
..■■ 55 
....!25 

... .423 

.,...39 

— Peculiarities determined by habit.. 39 

— Power of resistance 

— Protective devices against para- 

sites 
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Plants. Relation to environment TO-13 

— Relation to nutritive sub- 

stances 274-319 

— Rupture of fleshy parts 321-34 

— Statistics of disease 7 t 

— Stunting •I 75‘77 

Plants, Herbacious. Effect of changes 

in habitat 72-75 

— Tropical '• *90 

— Woody. Adjustment of root 

body 78^* 

Development of axis 76-78 

Plants injured by drought. Effect of 

moist air 425-26 

Plasm, Embryonic 3 * 

— Hereditary 3 i 

Plastnodiophora Brassicae 3 ^ 

Phsmopara viticola 280 

Plaster, Land I 95 , 237-40, 250, 402 

Plaster fertilization 237-^ 

Plastiden theory 

Plastidules 

Platanus orientalis. Effect of lack of 

■ calcium 3 ^ 4 - 

Plectridia. Pectin fermenting organ- 
isms 272 

Pleophylly 376 

PUospora gummipara. Oud 708 

Plowing, as inducing soil ripening 273 

Plowing, Deep, in heavy soil 234 

Plums. Tan disease 218 

— Varieties for dry soils i 75 

Plums, Rusty 

Poa alpina ; 76 

Podocarpus. Nanism *44 

Podosphaera leucotrkha. Salm :.64o 

Poetih of tobacco 685 

Poisoning due to lack of calcium. . .... .304 

— of soil 2^ 

Poiycladia *46 

Polygonum ampitibium *76 

— ifiifiparum 76 

Polyporus sulfureus 568 

Polysarchia *53 

Pomological magic ring ^ 

Poplar. Bleeding disease »7 

— Jaundice ®7 

Poplar, I^ramidal. Death 55 ® 

Position, Cultural, of plants 55 

— Horizontal. Effert of changes... 120-^ 

Pot cultures. Soil * 4 o 

Potassium. Exccm 403'5 

— Lack. Effect on production . . . 298-301 

in Sierigmaiocyslii nigra $00 

Potassium chlorid treatment, of moor 

soil 

Potassium fertilization 129, ^ 

Potassium hypctfhlorate 7 ^ 

Potatoes. Acrihl tubers 

— Bacterial ring disease 39® 

— Black dry rot ^ • ' 39 * 

— Brown specks on foliage 397 

— CuHurat varieties *209 

— Diaphysis 163-64 


Potatoes. Effect of hail. .... .... .... .,,^6 

— Eularpng of the parent tuber — .398 

— Iron spottedness . 39 *j 882 

— Leaf curl 395 - 99 * 882 

— Lenticcls ....369 

— Lightning effect 495 

— Mules 161-63 

— Multi-cOlored condition . 39 * 

— Over-fertilization 396 - 9 * 

— Perforation of the foliage 430 

— Premature ripening 161 

— Frolepsis *63 

— Running out 208-209 • 

— Rupturing of the stem 321 

— Scurvy, Deep 430 

— Secondary tuber formation 163 

— Thread formation 161-63 

— Tuber cuttings 828 

formation without foliage 164 

— Turning sweet 5*4-*6 

— Water ends *63 

Potatoes, Seed. MeUiod of cutting. .. .828 

Pots, FloWer. Washing ..205 

Potted plants. Encrustation of the soil. 205 

Souring 2Q3-2 o6 

Use of saucers 208 

Pox of tobacco 689-90 

Prateolus •• S 3 

Predisposition 25-26, 27-34, 52, 62, 

83, 128, 223, 225, 301, 666-70. 

Predisposition. Abnormal ^ 

— Hereditary ©3 

— Normal 26 

Predisposition and immunity 27-31 

— to blight 52 

— to disease, Inheritance 3*"34 

due to lack of light 666-70 

due to lack of nutriment — 301 

in beets 223, 225 

in edible roots 223, 225 

— to the mosaic disease 687 

— to the smoke diseases 722 

— See also Disposition. 

Pressure of the buds .......378 

Production. Changes due to lack of 

nitrogen 287-98 

Prolepsis of the potato *63 

Proliferation ....374 

— Axillary 375 

Proliferation of the inflorescences 374 

Prophylaxis 7 

Prosenchyma, Horn 7^7 

Protandry ......293 

Proteins. Decomposition due to lack 

of light * ^ 

Prothallia, Amcristic 288 

Protogyny 293 

Prunulus^ * 53 

Prunus *97 

— Nanism *44 

Prunus avium. Discoloration .^0 

— Crro^Ni. Discoloration ' • 

— domesfica. Discoloration ^ 

— Padus. Goitre gnaii. 

^ persica. Discoloration wo 
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Fs(i«/obio»oi (Bacillus Cobb) mcu- 
larum , 

— cmpalris ^ 

Psmiofima lmhtii>kitii . 

Psycbro-clinic blossoms ... ^ 

Puccinia 

Puccinia dispersa ’ ,2 

— gtumarum 

— gramifiu ' 

Piiiteueac 

Pure-planting of fruit variEties " Xil- ^ 

vantages ,,, 

Pyridine ^ 

ivrites 

Pyrtu cydonia 

Pythium 

Pythium de Baryanum . . .222 

Quaternaria Pmcoonii Till 

Quercus pedunculota ^08 

Quinces. Layering ......816 

Races, Biological ^..IS 

Radium rays, Arresttnem due to... . .’.6:2 

Rain storms 

Rape. Effect of hail 4% 

Raw-humus 2di n 

Red-rot ::::::::: :*6f5 

Red-scorch of grapes 283 

Red-tan of hops 282 

Reds (le rottg^} of fiax . ’283 

— oi hops 282-83 

Reductases 676 

Regeneration 88; 

Relations, Qimatic 134 

Resfda odoraio 126 

Reserve substances. Mobilization iS 

Resin boils ....712 

— formation in Dicotyledons 716-17 

■ — galls on stilt roots 96 

•- gathering causing wounds 780 

Resinosis, Acute : 716 

— Chronic 716 

Resinosis of conifers 7n-i6 

Resistance. Plant power 18 

Respiration, Intra-molecular 99, 313 

ReUnospofa ericoidcs Zucc 828 

Retrogression to juvenile form 377 

Rhabditis 855 

Rhamnus 105 

Rhamnus Fra»guk 98 

— ^«wi/a 76 

RAisoWttwi Btijerinckii 270 

— Leguminosarum. Frank n 

— radicicola 270 

Rhodanammonium 7^ 

Rhubarb. Acid retrogression with 

nitrogen excess ....-393 

~ Over-fertilization 392 

Ribes 105 

Ribes aureum. Dropsy 336 

—■ nigrum. Gnarl formation 3& 

Rice. Bfusonc disease 315-1^ 

Ricinus 100, 229 

RtcMKT communis 126 

Ring barking in conifers -615 


“Jl.liyacmth bulbs., 326-’7 jsi 
R'.nging. Girdling. 43i 

**'**''‘***"'" to excess of 

Ripening, Premature 

cause of blight.' .V.V. \.f 

~ - ^frair'’’' • ■ ' ■ 

of potaloes". 

Robinia Pseudacacia 

Rolling 'to 

Poncrl s 

Root acids. Effect of neiitraiiration . ! ”402 
fidjustment of woodv plants -S 8i 
-curvature ""[{IV-, 

decay due to marshy soil ...njd 

— disease of the true cliestmit...,2io-M 

-era'is \ 

-port’ .::.: 87 o 

— “juries Srt.'-n 

— plains, Willing of the foliage.,.!. if,- 

removal, promoting blossom de- 
velopment SRC 

-rot. Coffee 

Sugar cane ,227,28 

— tubercles ^ 

Root-ball dryness of the Ericaceae. , 181-8’ 
Roots, Frecring 552.5^ 

" Lignification 

— Onigrowllis 

— Scurvy, Deep ! 56- 

-- Girdle 368 

Knotted 367 

Surface 36- 

— Secretion 139, 270 

Roots, Edible. Black-leg 220-26 

Blight 220-26 

Oxalic acid content 223 

Predisposition to disease. . .223, 225 

The threads 220-26 

See also Beets. 

Roration 44 

Ros meUis 412 

Rosa — 107 

Rosa chinensis. Jaqu. Green blossoms.., 342 

•— gaVka T05 

Rose. Canker 602-6 

— Chagrination -of the stems 434 

— Granulation of the stems 434 

“Rose-kings” 373 

Rosette growth 146 

~ shoots 377 

Rost of 'tobacco 685 

Rot, Black, dry, of potatoes ...391 

— Red 615 

— Wet 22 

Le rouge of flax 283 

Rouille blanche of tobacco 685 

Rubber, plant. Tubercle disease.... 

Rubigo 44 . 49 . 53 
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Rubigo. See also Mildew. 

Ruellia. Intumescence 448> 

Rumex acetosella i 47 

Indication of a scarcity of lime. 237 

Running out of potatoes 208-205 

» Rupture of fleshy parts of plants 321-24 

Rust 44 

Rust, Black, of coffee 230 

— White, of tobacco ...690 

Rust of the plum 166 

Rust rings in fruit due to frost 523-24 

Rusting of the peel of fruit 170 

Rusts of sugar cane 696 


Sabre growth 474 

Saccharogensis diabetica 55 

Saccharomyces Ludwigii, Hans 855 

Saccharomycetes 100 

Saddle grafts 831 

St Elmo's fire .488 

St John’s bread tree. Swellings 339-40 

Sa/ix ar^naWa. L 150 

— cinerea 98 

— Jierbacea 84 

— reticulata 84 

— serl>yUifolia 76 

Saltpeter. See titrate of soda; Chile 

saltpeter. 


Seed. Burning 186 

— Candying 226, 387 

— Change 39 

— Coating. See Canttying. 

— Covering 109 

— Cracking, due to sunburn 647-48 

— Depth of sowing 110, 113 

— Germination in ice 499 

— Germination in the fruit '. 321 

— Hard shelled condition 115, 420 

— Heaving due to frost 53^37 

— Higher germinating power 125 

— Injury from self-heating 652-53 

— Mechanical treatment 106-7 

— Over-fertilization 387-89 

— Quality decisive in germination. . .111 

— Retention of germinating power... 107 


— Souring 201-203 

— Sterilization in beets 225 

— Swelling — 106 

— Too deep sowing T06-20 

— Weakness due to age 108 

Seed, Dormant, Germination 109 

Seed time. Effect of postponement. .639-41 
Seeding, Delayed 200-201 

Susceptibility to parasitic 

attack 200-201 


S’d/finia natans ii 

Sambucus 105 

Sand. Drifting 149 

— Ferruginous 251 

— Shifting. Effect 479 

Sand in hocticulture 261 

Sanding of moor soil 256 

Sandstone, Humus 243 

Sapocarbol 7^ 

Saprophytism 12 

Satureja hortensis 74 

Saxifraga cernua 76 

Scab of edible roots $(>‘‘72 

— of grape-vines 596-?§, 601 

Scarification wounds 776-81 

Schizoniycetes 62 

Sciadopytis. Nanism I44 

Scion in grafting,. Mutual influence of 

stock and 841-47 

Sclerotinia Libertinia 28 

Scoroglia 53 

Scurvy, Bark 372 

— Deep, of potatoes 430 

— Knotted 367 

— Surface, of roots 367 

Scurvy diseases 367-72 

— from marling 370 

— of edible roots 367-72 


— • Too thick 147 

Seeds. Specific gravity 295 

Seeds, Hard, in the Leguminosae. .. .420-22 
Soaking in sulphuric acid 421 

— Weak. Behavior 295-96 

Selection, Artificial 665 

Self-heating. Injury to seed 652-53 

Self-preservation in the organism 6 

Self-purpose in the organism 6 

Self-sterility in fruit 291 

Senility.^ Degeneration 34 

Sepedonimn (chrysospermumf) 204. 

Sereh disease of sugar cane 85, 692-96 

Scrum therapy' 23 

Sewage 392 

Sewage disposal beds 364-67 

^ Attraction to crows 364 

Injury from coating with 

ooze and mud 366 

Rats as pests 264 

Sodium chlorid content ....750 

Sexual organs in Cryptogams 289 

Shade. Effect on amount of harvest.. 657 

— Effect on hops 283 

Shade trees in coffee plantations 657 

Shading 411, 657-62 

Shadow pictures due to excessive light. 673 
Sheath growth 92 


-*■ spots in trees 461 

Sea level. Effect of elevation above.. 72-86 

Sea water. Inundation 192. 

Secca molle 202 

Secretions of the root body 139, 270 

Sedunt acre 75 | 

— album 75 

— hexangulare 75 I 

Seed. Automatic regulation of depth of 1 

sowing .113 I 


Shelling of the grape blossom 354-56 

Shikuyobyo of the mulberry 6 ^ 

Shoots. Dropping 134 

Shrivelling disease of the mulberry. .690^2 

of tea 6^ 

Silicates, Ferric 251 

Silpha rttrata .' 364 

Silt. Covering of soil 191-94 

Silver-leaf 285-86 

Silver-leaf due to lack of calcium a86 
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Skin disease of hyacinths 451-53 

Slime 198 

Slime cork 279 

— exudation of trees 854-55 

Slope of the soil surface 86-120 

Slopes, Too steep 89-91 

Small fruits. Dropsy 335-38 

Smelters. Smoke 738, 74 o 

Smoke. Chemical composition 738-39 

— Gases 718-36, 884 

— Soil poisoning 722 

Smoke as cause of disease 49, 459 

predisposition to disease 722 

Smoke Commissions, Federal 744 

Smoke injuries, Acute 721 

Chronic 721 

Invisible 7 ai 

Smoke injuries with calcium fertiliz- 
ation 7 ^ 

— production in smelting furnaces. ..738 

Smudges as protection against frost ... 628 
Snow covering 76, 634 

as protection against frost 624 

Snow pressure 634-37 

Soaking of seed. Advisability a 95 

Soda dust ^ 

Sodium chlorid too 

content of sewage disposal 

beds 750 

— — fertilization '03 

in waste water 748-51 

— fumes ■ 7 -tT 

— nitrate. See Nitrate of soda. 

— sulfid 741 

Soil. Absorption due to chemico- 

physical processes 264-08 

Acid content 240-41 

— Aeration T 4 i 

— Alkalinity 367 

^“Baking” d 05 

— Breaking up • • “’3 

— Chemical constitution. Unfavor- 

' able 

Covering with silt I 9 i '94 

— Crust formation 

— Cultivation 183-84, 220, 234, 

— Feeding Cultures 

— Flocculency 

— Harrowing 

— Impoveri^ment 9 ’. ^ 38 , ^ 

due to fertilization ^ 

- Increased density due to washing. ./ 4 » 

— Irrigation 

— Lack of moisture . . 

— Leaching 

— Mechanical resistance 
— Mulching 

- Physical constitution, Uniavor-^^^^ 

266 

— Poisoning 

from metallic sulfur 

- from smoke 


Soil. Shading due to weeds..., 658 

— Slope of the surface 72, 86-91 

-- Use of a plant cover 185-86 

Soil, Alkali 195, 267 

— Compact. Improvement *94-95 

— Dry. Suitable fruit varielies. . .174-75 


Favorable for Cassava 

....232 

for sweet potatoes 

....232 

for Taro 

....232 

for yams 

....232 

— Heavy. Overcoming dis- 


advantages of 

..232-40 

— Lean 

T52 

— Light 

,,148-89 

— Loamy 

. 189-240 

— Marshy, causing root decay.. 



— Moor. See Moor soil. 


— Peaty 

185 

— Sandy. Capacity for becoming wet 

with dew 

149 

Danger from frost ... — 

'■:9 

Disadvantages 

..148-50 

Leaching 

•' 49 , 243 

— Unfavorable for cocoa 


for coffee 

230 

for cotton 


for maise 


for millet 

232 

for Pennisclum spicalum. 


for Sorghum 

231 

— — for sugar 



231 

— — for tobacco 

.,.229-30 

for tropical plants 

..227, 232 

1 

272 


.110 

245 

.142 

.193 

.184 

.184 


.182-83 

....182 

....243 

....I 4 t 

.184-85 


250-51 
. . .722 


— Pulverisation 


— Reduction 

— Removal of turf 


.184 


Mosaic disease less pre- 


-Virgin - - . 

valent on 

Soil bacteria T56, 269 

— conditions causing disease 72-407 

— encrustation ' 34 , 405 

— exhaustion .2O3, 2/ 

— heat. Inaiience of excessive. 73, 648-50 

_ in pot cultures ^ 4 “ 

— mass, Limited ^8 47 

— organisms. Work 268-/4 

— ripening 

— solution. Effect of too high con- 


centratiwi , , 

. structure. Relation of food sub 


387 


264-74 

148-240 

....235 

,86-120 


stances 

Unsuitable 

— surface. Mulching ... 

Slope 

— warmth. See Soil heat. 

Solidago virga aurea 

Soot. Composition 

— Injuriotisness ... — 

Sorghum. Unfavorable soil 


231 


sijrSiium millet. 

l^rfel. Indication of scarcity of hm ^-«7 

Sphacelus 53 

Sphaerocarpus 




.rum 187, J 49 , *S<> 

: p^at in hortipiiUnre .-,261 

^haielismos 42 

Spiloceae pomi Fr i(S8 

Spinada oleracea (47 

Spiraea 105 

— Canker 598 "^ 

Spiralismus Mor 334 

Splitting of cucumbers 462 

Sporodesmium 7 to 

Spraying. Intumescence 441, 762 

Spring growth. Freezing ..^ ..55(^62 

^ winds, Raw. Danger 479 

^ wood 774 

Sprouting of fruit 375 

^of the stock 3A 378, 785 

Spruce. Layering 253-54 

^ Sinker formation 255 

Stilt growth 92-94 

— Top blight 91 

^ Usefulness 253-56 

Stalks. Lodging ,... 5 ^ 

Staminody 1...342 

Starch formation ,299 

Statistics of plant diseases , 7 t 

Statocytes . . i 8=8, 859 

Stem browning of cotton ,228 

Slereum hirsulum. Willd ,.,614 

Stfrigmnlocyilis nigra. Lack of 

potassium 300 

Sterile-head condition due to frost., 542-47 

Sterility ,289-92 

Sterility, Hereditary ,,..291 

Sterili^ due to drought 290 

Stilbum- 54 

Stilts. Growth 92-98 

Stilts on pines 94 

Stimuli, Traumatic 885 

Stock, Grafting. Dwarf ,|05 

™ Mutual influence of .scion 

and 841-47 

' — ^ Sprouting 376. 378, 785 

-= Yellowing 284 

Stone fruits. See Pomes. 

Stones in soil. Significance ,236 

Stoniness of pears ( 70-74 

Storage of winter apples ,323 

Strain wwd 553 

Stratification • ■IS 9 W 

Straw. Excessive growth in grain 365 

Fertilization . 2 f 9 

Street planting 153-55 

Streets. Asphalting ..,(06 

Streptothrix species. Humns ferment- 
ing organisms >272 

Steophomania 334 

Stunting of plants — 175-77 

of trees, due to wind action 474 

Substrata, Nutritive, {or parasites 17 

Suckers •• 33 * 

Suffocation due to lack of oxygen , 3 tj 

Sugar. Accumulation doe to lack of 

light ; 668 

Slocking due to Ivk of light 667 

Sugar beets. Root blight ..,.220<!6 

Sugar cane, Cobb's disease t.dgddKt 

Diseases 227-28 


Sugar Cane. Pangitllamiekte 228 

Effect of lack of calei«tB..-..S 54 

— — Leaf spot disease 228 

^ Powdery djseaK 696 

- — Root rot #7-28 

^ — Rusts v.figd 

— Sfrph disease .. 692 ’^ 

Suillus '53 

Sulfarin. Effect pf use 37 * 

Sulfate of iron 192 

Slllfid Hydrogen 98, 74 1, 742 

— Iron ,.250 

— S^ium .741 

Sulfur. Lack. Changes due to..., ,,..312 

Sulfur, Metallic. Poisoning of the 

soil 250-SI 

Sulfuric acid, Free 250, 881 

Sulfuric acid for soaking hard seeds... 421 

Sulfurous acid .718-24, 884 

Summer defoliation 347 > dU, 661 

— drought. Effect 501 

— rust of hops 282 

Sun cracks 647-48 

Sunburn. Blisters 642 

— Failure of seeds — 643 

— Injury to bark , , 647 

— Injury to buds 645 

— Injury to grapes 646-47 

— Seed cracking 647-48 

Sunburn in blossoms .645-46 

— in Clivia nobilis 643 

— in fruits 645-46 

— of leaves in nature 641-43 

— spots on conservatory plants. . .643-44 
Sunlight, Effect of increased intensity. 75 

Superphosphates 768 

Surface wounds .831 

Swamps. Conversion of land into... 196-98 

Sweet potatoes. Favorable soil 232 

Symbionts. Graft callus formation. ... ,887 . 
Syjnbiosis, Antagonistic — . n 

— Mutualistic rt 

Symi^oria *■ i 05 

Symptomatics • • 7 

Syringa. Twisting ,177 

Tagetes — 147 

Tail-rot of beets — .697 

Tamarix gallica. Wind bending. ..... ,474 

Tan disease 209-19 

-e— Apple 210-13 

Cherry . 2 i 3 -t 7 

Flum .''2^8 

Tannic substances tl-S* 

Taphrina. Fr. v. . . 179 

Tar coating. Injury ,756 

— fumes i| 32-35 

— vapor >737 

Taro. Favorable soil ....,.,232 

Taste, Watery, in fruit ........323 

Ta.r«J .,...>..-.,254 

Tea. Shrivelling disea» .692 

— Unfavorable soil 

Tears, Frpst, Internal M 

Tears due to drought .•..■•■sSfiS 

Tteamo raditans. Faiciatwo 3 M 

Temperature, Fluctuations . . . .8^ 5 <» 4 . SO® 


■f ernwrature, Low. Life phenomena .498-500 

Tension differences due to frost 514 

Teratology 7 

Tttranychm telarius 412 

Thasfing 506, sit 

— ^pid tio, sn 

Therapy 7 

Internal 23-25 

— Serum 23 

TMekviopfis ethacetkuf 694 ] 

Thiopene 4do 

Ttwrn formation 297-98 

Thread formation in the potato 161-63 

Thuja .•■■■■; 

Thnia (Biota) orwttalv 105 

^ oblusa. Dwarf growth 142 

— Octidentalis tos 

■m- pUcata — 1*15 

— Warnana I 05 

Thujopsis 144 

Tilia ^ 94 


Tree of life. Chinese 142 

Japanese 142 

Tree roots. Elevation 92-^ 

— — Influence 658 

Tree seeds. Treatment 158-60 

Tree trunks with “handles" 848 

Trees. Autumnal coloration 28081 

— Goitre gnarl 378-87 

— ' Scurvy spots 461 

— Slimy exudations 854-55 

— Stunting due to wind 474 

— Swelling of wood 4^1 

— Too deep planting 98*106 

Trees, Fatt)*, as electrical conductors... 483 

-r- Forest. Branch blight 5 . 58*59 

— Starchy, as electrical conductors. .483 

Trees in cities and towns. Injuries due 

to electricity 493 

Trichia 53 

Trifoltuin prateiise 107 

Triticum 


Tilia pmifoUa ' .' ■■(>^6 Tropical ^plants • W 

Tillage. Dependence on fnabd.ty of - - 


.. ...W - - Soil conditions 227, 232 

ZrSy .■ ^3::::;;- 

Tukr, tok’ 

laHcc':::::;::::::::::; —ot potatoes 

-aiorosU 

— Effect of covering the soil with 

,ilt *94 

_ Effect of potassium fertilisation... « 

~ Fault 

_ Frenching disease ^ 

- G*y head g9 


^3 

Primordia ^\> 

Tubercle disease of the rubber plant. 449-51 


_ Mai tie mosaico 


405 Tuberctilaria 

685 Tukrs, Secondary, in potatoes. 

685 Tulipa 

,229 Tulips. Falling 

.685 Turf. Burning .■ 

685 — Removal from soil 


— Mai della both ”1683 Turgenia latifolia 


— Mauche 

_ Mosaic disease furies, causing injury 757 

— Mombbetegsege 

'''m Twig .abcissiou 


229.* 6^-89 Turgor, causing leaf fail 


_ Mongrel disease _ disease 

— Postih 689-90 Twisting, Compulsory 

— '685 Twisting of the branches . 5 ^^ 

RoutlU blanche •*:*'* dc* Tv/eMeftoJ dcvastalrtx 

velopment „ _ jocefton Soltw. 

^ Unfavorable sod ^ iHi 

— White rust Vlei europaeus y, 

Tomatoes.. Effect of had ■ • - ” g, ytain v-U^vee Fasiiatiou. 

Top. Drying ^7.89 Union of parts. 3 

Too bHeht of • •■■.Vi« 268 Ureilo P:': 7’9 

— dressing. Effect of ammoma • pj^as Cast, 

Effect of Chile saltpetet Ustilago • ■ ■ • • n 

Tarula 432 Ustilago j 

Tracery, Rusty 

PiVsieira. ” 1 '**.313 Vacemtum ..■.•• ■■ ■■ 


Hordei C. B. 


Vacemtum 


of oxygro 

tr^mitei Ptw (Biot) 


.. 6 \$ I Valeriana Phv 



Valsa leucostoma 154, 554 

“ oxysioma ‘-.153, 558 

— prunastri Fr 558 

Vanda coerulea. Spot disease...; 263 

Vanilla. Grafting experiments 838 

Varie^tion , , 307, 677-84 

• Varieties, Oecological 73 

Vegetables. Effect of tropical climate 

on growth 639 

— Over-fertilization 392-93 

— Poor development in tropics 639 

V eltheimia glauca. Dying of the J)los- 

soms 297 

Vermicularia 54 

Vertictllium ruberrmuni 204 

— 5arc/iari 227 

Viburnum Opulus 105 

Vida Faba 80, 100 

Vinegar made from wine. Use in gum- 

mosis 707 

Viola arvensis 74 

— cucuUata 75 

— tricolor 76 

Viretcence 341 

Virulence. Theory ; 14 

Virus 684 

— Mosaic disease 687 

— Sci aUo Enzymes. 

Vitis. Bud. cuttings 828 

— See also Grapes. 

Viits vinifera. Discoloration 280 

Viviparity 378 

Volcanoes, Injuries due to .751 

Volutella 54 

Waste lime 41$ 

— — causing dry rot 195 

heart rot 195 

Waste salts 401 

Waste water 748-55 

, containing barium chlorid 752 

calcium chlorid 751-52 

cobalt 755 

* iron sulfate 755 

magnesium chlorid 751-52 

nickel 755 

sodium chlorid 748-51 

zinc sulfate 752-5^ 

Water. Discoloration from alder bogs. 251 

— Excess 319-360 

— Scarcity. Top blight 189 

Cause of dwarfing 145 

— Use as a protection against frost.. 626 

Water, Stagnant 197, 199 

Water core of the apple 286-87 

— ends in the potato 163 

• — lime 399 

— shoots 331 

— sprouts 331-32, 474 

Watering, Injudicious 20^208 

Weakness. Parasites 15 

Weather. Effect 21-22 

Wedge cells 329 

Weeds. Soil shadini 658 

Wen 863 

-- Formation on the apple 882 

Whip grafting 837 


White lead. Injury ;.V?y .756 

White-leaf condition .............307^ 883 

Wilt disease of cotton 229 

Wilting 276-77 

— due to frost 5^-51 

to injudicious watering ........206 

-- of foliage of root plants ,365 

Wind .471-79 

— Effect 22, 462, 471-79 

— — on cocoa 472 

— injury to leaves .1. 477 

— Pruning action 474 

— Stunting of trees r.*474 

Wind, as protection against frost 

—•Forest protection against ...' 136 

Wind-break -....136, 471 

Wind-fall .471 

Winter frost .637 

— ^ain. Harrowing ....236 

lightning 4^ 

— moisture 189 

— seed. Harrowing 236 

— sunburn 648 

Witches broonis 146, 376 

Use of Chile saltpeter 39^-92 

Wood. Swelling in tree 461 

Wood, Curly 859 

— Gnarly 859 

— Red 553 

Wood nbers. Spiral twisting due to 

constriction 817 

Woody plants. Discoloration 279-81 

Woolly streaks in apple cores 324-26 

Wound bark 792 

— gum 851-54 

— protection 850-5 1 

^ stimulus 871, 885, 886 

— wall, Mobile 836 

— wood 772, 792 

Wounds 772-880 

— Overgrowth 783-87 

Wounds, Cleft 831 

— Gnawed 782 

— Rubbing 782 

Wounds due to grafting 831 

— due to resin gathering 780 

— to the axial organs 772-80 

Xanthium 176 

Xanthoria parietina cushions 330 

Yams. Favorable soil 232 

Yellow-leaf condition 192, 196 

due to excessive light 671 

Yellow sickness 307 

Yellow spots 9 434-35 

in Dracaena 435 

in Pandanus javanicus 434 

Yellowing due to grafting stock 284 

Zeoliths 265 

Zinc 740, 752 

— blend 752 

— oxid 752 

— salts 752 

-T sulfate in waste water ..•••752-53 

Zinnia 147 
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The warts are developed most abundantly }t the place where the grapes 
join the stem : large branches of the clusters usually remaih smoijdi and, 
as a rule, only some grapes show the disease. This is unimportant jn con- 
tinued dry weather, but with humidity makes for a development of parasites. 
If then a sharp dry period follows, some of the very warted stems shrivel 
and the grapes as well. 


Fig. 74 shows a cross-section through a warty grape stem which exhibits 
the usual axillary structure and has some strikingly broad medullary rays 
(ms) which divide the wood ring (k). In the bark we notice a legUiaj 
distribution of the hard bast groups (fc) and in front of them the rieve 
elements (s) with often thickly swollen walls. At o is indicated one oT the 


abundant crystals of calcium ox- 
alate. These occur at times as 
small glands, at times as raphides. 
The different stages of the forma- 
tion of these corky warts are 
shown at W. The wart-like ex- 
crescences, which resemble len- 
ticels, are produced by the radial 
enlargement of some of the par- 
enchyma cells lying immediately 
beneath the epidermis or some- 
what deeper; and the consequent 
outpushing of the outer skin. By 
an increase of this process, which 
does not preclude the dividing of 
the elongated cells, an accumu- 
lation of tissue is produced with a 
corky covering which finally be- 
comes brown and splits. By the 
increase of the hark parenchyma 
and the dying of the outermost 



brown corked elements the large 

warts are produced, the peripheral cell layers of which are pushed out from 
each other in a saucer-shaped form. A distinct cork cambium is formed 
connected with the dying bark of the outermost layers. This constantly 
extends deeper into the bark of the stem. If the weather continues to be 
cloudy, warm and damp, or if the grapes are too much hidden under the 
foliage, the conditions are ideal for the development of fungi among which 
may be noticed first of all Botrytis cinerea. 

The phenom.enon is especially frequent m greenhouses, and here the 
close, moist atmosphere must be improved by ventilation and heat must he 
provided at the same time. If the warty grape stems are found out of doors, 
some of the foliage above the bunches of grapes must be removed and, after- 
each rain, the water retaifed by the foliage carefully shaken off. 
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As a phenomenon relaicd to cork excrescences, I once observed wings 
on yoiyig grape leaves. These appeared f^etween the larger side veins on 
the lejf blade and were opposite each other like lips. These outgrowths 
(emergences) were a development of the blade usually forming over a 
vascular bundle. 

The ckagrinisation (granulation) of the rose stem should be cited here 
in addition. As is well known, standard roses are laid flat through the 
winter and covered with brush or earth. At times in the spring when 
these are raised from the soil, the young bark stems, which should be 
smooth, are often found covered with small warts, many having, as a rule, 
a pale or brownish-red periphery. The warts are outgrowths of the lenticel. 
These begin below the stomata and force the guard cells apart. Mycelia 
may be proved to be present if the periphery is discolored. 

Yellow Spots (Ausico). 

At times the leaves of monocotyledons, more than those of dicotyledons, 
are covered with yellow or reddish brown specks. This speckled condition 
begins at the tip. The specks usually shade through a pale green zone into 
the otherwise normally green leaf. Their number may be increased, since, 
as the disease progresses, small new specks are formed between the older 
ones. At times the tissues affected in the discoloration are forced out, 
which shows a clear transition to real intumescences’. 

This yellow spotting occurs especially in greenhouse and house plants, 
and among these, we find it most frequently in Dracaenae, palms and varie- 
ties of Pandanus. 

To illustrate the formation of these specks and show how, under certain 
circumstances, they increase until the leaf is perforated, I will cite some 
observations on Pandanus javanicus. 

The spots always begin in the part of a mesophyll lying between two 
veins. Toward the upper side of the leaf these cells resemble the palisade 
parenchyma, on the under side, spongj’ parenchyma, but in the centre they 
are very thin walled, approximately isodiametric, somewhat hexagonal, 
filled with a colorless watery content. 

From the innermost colorless tissue groups, the peripheral cells, i. e., 
those bordering on the mesophyll, containing chlorophyll, begin to stretch 
excessively toward the side of the least resistance, viz., toward the centre, 
whereby they frequently compress the central cells. Frequently the elon- 
gation takes place only in the cells arranged directly upward and downward, 
but not in the lateral ones of the thin-walled group, and a peculiar arrange- 
ment is thus produced. The central part of the tissue thp consists of empty 
cells arranged radially, elongated like pouches, which often have become 
thicfewalled by swelling, later browning and turning to cork. With 
increasing intensity, the spongy parenchyma is involved in this process of 
elongation with the dissolving of its chlorophyll body ; its contents disinte- 
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grate into a brown granular substance, and this the yellow coloration 
becomes, more intensive. The upper surface of the leaf iS often raised like 
a wart when the tissue, rich in chlorophyll, is drawn into the abpormal 
process of elongation. 

Frequently the progress of the disease is stopped when the elongated 
cells become cork, then there are only yellow spots, recognizable when 
immature, indeed, only when the light falls through them. The whole 
centre of the disease may then be separated from the healthy tissue by a 
zone of actual cork cells. As the disease advances in severity even the cells 
of the vascular bundle sheath may be affected and show the characteristic 
elongation, browning and swelling until finally the elongating mesophyll 
cells rupture the epidermis above them. The processes already described, 
under the phenomenon of perforation now follow. Diseases due to fungi 
and seemingly similar in outward appearances may easily be distinguished 
in Pandanus, since in them there is no elongation of the cells. In Dracaena 
rubra and Draco, the disease at times only disintegrates the chlorophyll of 
the inner cell groups ; here membranes are often seen with bead-like swollen 
places extending into the inner part of the cell. In studying Dracaena 
indivisa, I observed an abundant formation of sugar in those tissues in which 
the chlorophyll had dissolved. This sugar' did not occur in healthy tissues 
and disappeared from the diseased spots as soon as the walls began to turn 
brown and develop cork. 

Hence this yellow spotted condition seems in many cases to be an 
initial stage of real intumescence, in others, as in the Dracaena, it is usually 
a diseased condition without any sequelae and the temporary increase of 
sugar and the bead-like swellings of the walls point to causes which are 
similarly affective in the over-elongation of the cells. In practical treatment, 
one should realize that the plants exhibiting aurigo suffer from a supply of 
water which they cannot assimilate. The amount of water destroying the 
equilibrium need not be greater than that normally supplied, but, being given 
during the dormant period, the plant cannot utilize it and the external con- 
ditions are not such as could stimulate this absorption. The spots occur 
with great frequency in the autumn and winter when the plants are brought 
into a warm place. They then have sufficient heat, water and mineral 
nutrient substances, but the light is deficient. Hence the one-sided stimulus 
must be removed and the plant put in a cooler, diy^er place where there is as 
mucTi light as possible. 

Intumescences. 

The knot-like or pustule-like distensions of the tissue usually occurring 
in groups and which I have considered as “Intumescentia have not been 
sufficiently studied by practical pathologists. They are most abundant in 
leaves but are not rare on the stems. However, as yet, the observation of 
intumescences on blossoms and fruits has been limited. 

The consideration of a specific case gives the best information as to the 
development of such structures, the value of which lies in their symptomatic 
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significance. In January, 4879 ,- 1 observed specimens of Cassia tomeniosa 
in a hgthouse. > found the edges of leaffets on young shoots were curled 
under^ This curling seemed to be due to the increased growth of the upper 
side, which showed a pustule-like convexity. When these convexities were 
fewer and located along the mid-rib, the leaflet was less curled. If they 
were scattered abundantly and uniformly over the whole surface, the leaf 
seemed almost blistered. This cannot be said to be actually blistered, how- 
ever, because the convexity of the upper side corresponds to no equally 
great concavity of the underside. 

“ The swelling is conical, having, at first, the same color and dull upper 
surface as the rest of the leaf. Later the tip of the cone becomes light 
colored, more rigid and shiny. Still later the tip becomes yellow, broadens 
and finally ruptures (Fig. 75, re), if the whole leaflet has not already turned 



Fig. 75. Leaf Intumescences in Cassia tomentosa. (Orig.) 


yellow, the swelling now seems depressed in the centre, funnel-like, and 
turns brown. 

The phenomenon is due to a sporadic tube-like outgrowth of the upper 
palisade parenchyma (p). The inner side contains many chloroplasts closely 
packed together and, toward the spongy parenchyma, is provided with 
slender, slit-like intercellular spaces filled with air. 

With the appearance o^swelling, the chloroplasts begin to disapp^r 
from the tip of the cell backward, a few of the cells become elongated; 
gradually the surrounding tissues are involved. More and more chlorophyll 
is dissolved as tiie elongation advances, so that finally the palisade cells, 
which have become tube-like, seem almost entirely colorless or are provided 
with a few small yellqwish grains scattered throughout the whole cell lumen. 
With this elongation of the cells forcing up the epidermis there is a slight in- 
crease in width, which presses the cells very close against one another 
laterally, with only small intercellular spaces in the spongy parenchyma. As 


437 


soon as uns picaauic ii<ia lu^iui^t the epidermi? (e) at the highest point of 
the excrescence (ze) the ends of the palisade parenchyma, which a^-e now 
freed, swell up like clubs (kp) and, turning brown, thicken their walR more 
or less farther back. The epidermal cells which are ruptured, and others 
• in the same region, turn brown and partially collapse. 

The same swelling can also occur on the side of the leaf. In this case, 
the spongy parenchyma cells lying directly beneath the epidermis, covered 
with hairs (h) and otherwise usually isodiametric, become long and 
cylindrical. • 

In various epidermal cells of the upper as well as the lower Side of the 
leaf and in many of the parenchyma cells which have grown out like tubes, 
glycerin draws together in indi- 
vidual large glucose drops or many 
small ones. 

I found similar leaf distensions 
in Acacia longifolia and A. micro- 
botrya leaves specked with yellow 
and also on those normally green. 

Myrmecodia echimta is an ex- 
ample of the general appearance of 
intumescences with cork leaves. 

The leaves of this plant usually de- 
velop intumescences on the lower 
side, while the cork excrescences 
predominate on the upper side. In 
Fig 76 we perceive that actually 
both of the parencyma layers lying 
next to the epidermis participate in 
the formation of the delicate gland- 
like outgrowth of the tissue. The 
epidermis (c) (its stomata are un- 
changed) is raised up and ruptured 
where it joins the normal tissue. 

Strange to say, however, it appears 
to be still unbrowned and turgescent, i. e., still completely and sufficiently 
nourished like the tube-like mesophyll cells (o). I found that the excres- 
Ipences had dried up and had been cut off from the healthy parenchyma by 
The formation of the layer of flattened cork cells at their base (t) only 
when the leaf was well advanced in age. 

The partially blister-like, partially wart-like cork excrescences are most 
frequently found without intumescences. They are distributed irregularly 
over the whole leaf surface as rusty, sometimes silvery shining specks ; the 
region of the mid-rib is most affected. 

The cork forms first within the epidermal cells, advancing thence into 
the mesophyll, attacking at first two adjoining layers of the hypoderm. 



Fig. 76. Piece of a leaf of Myrmecodia 
echinata with a cork wart breaking out 
on the upper side and gland-like intu- 
mescence on the under side. (Orig.) 


438 

formed of four or five rov^s of colorless ^ells with very wide lumina but 
poor irf contents (d). The underlying palisade parenchyma, extending into 
the hypoderm in the conical-Hke buttresses (e) is usually not affected, but, 
like the spongy parenchyma, poor in chlorophyll, often exhibits strongly 
refractive, often green colored drops in its cells where the cork is formed. 

Often such corky masses very greatly resemble certain fungous dis- 
eases as I have had opportunity to observe in Pelargonium zonale. 

The under sides of the leaves were covered with white cystopus-like 
(masses, isolated or united into large groups. These were hemispherical 
cork excrescences, later separated from one another like fans and filled 
with air. They began with an enlargement of the spongy parenchyma, 
whereby all the intercellular spaces were filled up. The epidermis, as a 
rule, remained unchanged while the mesophyll cells adjoining it were elon- 
gated perpendicularly and were divided by cork walls, with a gradual loss 
of chlorophyll. The cork cells partially lost their parallel arrangement 
because of an irregular increase and were much distended until the epidermis 
ruptured. The epidermis, however, manifested its restraining influence by 
pressing upon the cork cells, so that their walls seemed crumpled. The 
process of elongation and suberization extended deeper and deeper into the 
mesophyll until at times the excrescence was four times as thick as the leaf. 
A brown, twisted mycelium (possibly a Cladisporium) grew into the stomata 
and later into the wound of the rupturing cork excrescence. 


Grapes are especially susceptible to intumescences and especially those 
plants taken from greenhouses into the open for early forcing. In addition 
to the excrescences on the leaves, little knots were formed on the stem of 
the grapes, and, since the structure of these differed from the warts already 
described, they may be considered here more thoroughly. 

Fig. 77 is a cross-section through such a knot. The vascular bundles, 
forming the wood-ring of the stem, are indicated by h, the pith by m; the 
hard bast by hb; the abnormal change in the bark parenchyma extends to 
this point. This change is characterized by a distension of the parenchyma 
lying underneath the collenchyma-like elements and an ultimate elongation, 
the cells of which have subsequently divided. Because of this over elon- 
gation the collenchyma (c) is pressed together and, without previously 
having participated in the elongation, dies together with the epidermis. The 
normal epidermis may be recognized at e; k indicates the cork zone formed 
on the boundary of the dying tissue. The latter may not alw'ays be found, 
however. Often die dying tissue passes over imperceptibly info the very 
thin-walled, still living tissue which show's slight cork formation at the place 
of transition, eg indicates the normal collenchyma, occurring in groups and 
not in connected rings. The division and over-elongation of the bark 
parenchyma and the absence of cork excrescences distinguish these knot- 
like intumescences from the cork warts which, in an immature stage, 
resemble dhem greatly. 
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The intumescences on grapj leaves have cm the under side the form of 
•land-Uke elevations which often coalesce and are indicated on the upper 
leaf surface by yellowish and at times somewhat raised places. They are 
produced by tube-like outgrowths of the spongy parenchyma lying under 
the epidermis ; the cells of this spongy parenchyma are poor in solid con- 
tents and closely pressed against one another by the distension. With their 
increasing over-elongation, the epidermis is browned and ruptured. 

In the beginning only the cells lying directly beneath the epidermis are 
affected, but usually, after the distension begins, the cell layer nexfbeloiy 
is attacked and it is usually this which later is most elongated %nd its cells 
not infrequently divided by cross walls. The cells forming the centre of the 
swelling are the longest and most slender and stand exactly perpendicular to 
the outer surface of the leaf, while those laterally adjacent are arranged 
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Fig, 77. Part of a knot-like intumescence on the stem of a grape. (Orlg.) 

slantingly like a fan, decreasing in length, increasing in w'idth. The presence 
of starch could not be proved. In the most extreme cases observed, all the 
cells of the mesophyll, up to the palisade parenchyma of the upper side, take 
part in this elongation. I did not observe, however, that the palisade 
parenchyma had been attacked. 

These intumescences are not infrequent in vineyards and cases may be 
found showing their cause most clearly. In the course of years material 
has come most abundantly to my hands. I quote from the report of the 
court gardener, Mr. Rose. 

He had a grape house planted with 14 vines; of these, six were Black 
Hamburgs (Blauer Frankenthaler), one of these was planted where the hot 
water pipe entered. Therefore, the temperature was higher and the humid- 
ity very great. 

This vine alone developed intumescences to such a degree that the 
under side of the leaves seemed almost felty. A Royal Muscardine vine 
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was planted on the opposite.side of the greenhouse. The foliage..of these 
two plants became intertwined as they grew mto the upper part of the house. 
The Royal Muscardine plant had no trace of disease. 

These instances show how differently varieties behave in the same, 
environment, and how individual diseases in the same variety may be 
explained. 

In regard to the different behavior of different vines, reference should 
he made to a study by Fr. Muth*, who observed the production of intu- 
mescences after spraying the leaves with copper compounds, while, for ex- 
ample, the, early red Veltliner and Muscat St. Lauret show no swelling. 
Morillon panache, Madeleine Angevine and the Blue Ox-eye vjpre very 
greatly affected. 

In another similar case, Noack" found that the disease decreased when 
water was withheld. 

The occurrence above described does not correspond with the phe- 
nomena found on Ampelopsis hederacea^. In this plant Tomaschek found 
bead-like structures on young branches, petioles and leaf veins, and espe- 
cially on the outer side of the side leaves. The beads were very small when the 
illumination was insufficient and dried up in the autumn. They were formed 
below the stomata even in the very young parts, since the cells surrounding 
one cavity grew down into it and forced up the epidermis by an increase 
in size. In the autumn and winter true lenticels with a cork formation were 
found, instead of these outgrowths. 

In addition to the instances already described and those to be men- 
tioned further on of disease manifesting itself on greenhouse plants, I will 
now report on the behavior of one of the Gramineae. 

On the island Rugen, among vigorously growing oats, plants were found 
showing abnormal growth. A cross-section of the lowest, node, covered 
with dirt, is illustrated in Fig. 78. The centre of the node exhibits the well 
known irregular course of the vascular bundles (3) and the primordia of 
a root (to) ready to break through the distended bark of the node. In this 
bark covering r indicates the normally formed part, while at r the subepi- 
dermal parenchyma cells are already beginning to elongate radially. The 
excessive elongation increases at r to a decidedly tube-like character and 
affects all layers of the bark near the root just coming through. This dis- 
tends the epidermis very greatly, and, as its cells do not take part in the 
process of elongation, it finally begins to separate in different places (c). 
The leaf blade at z shows an external injury from grazing cattle which 
extends deep into the node. The tissue is considerably browned, the 
vessels, as far as the middle of the node, are partially filled with gum. The 

1 Muth, Fr. Uber die Besch^igung der Rebenbiatter durch Kupfetsprltzmlttel. 
Mittel. d. Deutsch, Weinbau-Verelna 1906. 

2 Noock, Fr., Elne Treibhauskrankhett der Weinrebe. Gartenflora 1901, p. 619. 

s Tomaschek, t)ber patbogene Emergenzen auf Ampetopsis hederaoea. dsterr. 
Bot Zelt 1879, p. 87. 
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facts warrant considering this iiyury the excitifig agent in the formation of 
intumescences. Other adjacent blades which have not been Similarly 
injured, do not develop the excrescences. The assumption can l9e very 
easily made that, given an abundant supply of water and nutritive sub- 
stances, the turgescence in the stem would be great, while the evaporation 
from the node covered with soil would be slight and an injury from pazing 
cattle which would remove part of the tissue, would so increase the turgor 
that intumescences would be formed. 

I had already observed similar correlation phenomena in the action oi 
copper sprays on potato leaves'. Tn vigorously growing varieties a‘ number 
of leaves«vere found injured by the spray; near the dead spots in the tissue, 
the intumescences later appeared. Still other, causes may have similar 



Fig. 78. Intumescence on the lower nofle of an oat plant. 


results, since small warts have been observed on potato leaves when the 
copper’ solution had not been used'. Von Schrenck' has reported more 
recent results in this connection. A few days after cabbage plants in green- 
houses had been sprayed with copper ammonium carbonate, pale knots, 
gradually becoming white, developed on the under side of the leaves. They 
proved to be intumescences. Unsprayed plants in the same house showed 
no eruptions. Spraying with weak solutions of copper chlond, copper 
acetate, copper nitrate and copper sulphate did cause some distensions. Von 
Schrenk however, considered these intumescences a reaction of the leaf 
tissue to’ the chemical stimulus of the poisons, not correlative phenomena. 


1 ‘Sora.uer P Binige Beohachtungen hel der Anwendung von Kuprennltteln 
Zeitsebr. f. Pflanzenkrankh. 1898, p. 32. 

® ® “M^SrSves of potato^ w Card. Chron. 1878, I, p. 802. , 

» H T Intumescences fonned as a result of chemical stimulation. 

Slxteemh^n: mimrt Missouri Bot Card. May. 1905. 


Here belongs the case frhich Haberlatidt^ describes in a Liane, Cono- 
cephaluS. He describe t the formation of compensatory hydathodes, after 
the nohnal organs of the leaves have been poisoned. The extremely 
abundant nocturnal transpiration takes place at the base of the shallow 
depresrions on the upper side of the leaf by means of sharply differentiated, 
epitheraial hydathodes with water pores always lying over the juncture of 
vascular bundles. Where these organs had been poisoned, by painting the 
leaf with a 0.5 per cent, alcoholic sublimate solution, small knots were 



Fig. 80. Branch of Acacia pendula^lt- Fig. 81. Magnified section of Fig. 80. 
with intumescence. (Orig.) (Orig.) 


formed above the vascular bundles. Each morning large drops of water 
were found on these places. These knots, which had assumed the function 
of the dead hydathodes, seemed to be composed of long, pouch-like cells, in 
the lower part divided by cross walls adjoining one another (without inter-* 
cellular spaces). The club-like swollen ends separate from one another 
like a brush. They have been produced by the elongation of the conductive 
oarenchyma cells and often of the palisade cells and have broken through 
the epideflnis. 


1 Haberlandt in "Festchrlft tUr Schwendener," cit. in Naturwlss. Wochensclir. 
1899, p. 287. 
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Fig. 79 • shows the habit growth of a J)iece of Lavatera tritnestris 
stem with excrescences due to cell elongation. Fig.' 8o shows the rup- 
tured baric of Acacia pendula, while Fig. 8i shows the same muA more 
clearly because of its magnification. 

In Malope grandiflora and Lavatera tritnestris, stems and branches 
'were found bearing many long calluses on the side exposed to the sun. 
These were caused by considerable longitudinal and radial stretching of the 
baric and wood cells. If the callus is still young, the process usually sets in 
•by a radial and still more marked tangential stretching, at the level of th* 
primary hard bast bundles of the parenchyma cells containing chlorophyll 
and lying between two bundles: with this increase they are pushed outward 



Fig. 82. Cross-section through a year old branch of Acacia pendula with 
inlumescence. (1-453).) (Orig".) 

like a bow. The mechanical ring appears to be broken because the bast 
bundles are pressed far apart and the colienchyma layers less developed. 
In large intumescences the broken places apparently extend deeper since 
the wood also changes its prosencbymatous elements and the cells of its 
medullary rays into a wide meshed parenchyma. 

Fig. 82 throws sufficient light on the processes concerned in the forma- 
tion of the moss-like collection of intumescences in Acacia pendula; m 
indicates the pith; /( the woodring; c the cambium; h the hard bast groups; 
e the epidermis ; t the beginnings of elongation within the primary bark; w 
.the bark parenchyma cells which have become tube-like and ascend in 
spirally parallel rows and, after breaking through the epidermis at w, 
separate from one another like sheaves. 

») Sorauer, P., fiber Intumesccnzen. Ber. d. Dcutsch. Bot. Ges. 1899, BA XVII, 
S. t68. 
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When the intumescence te highly developed, the over-elongation extends 
backward to the secondary bark, stretching the cells of the phloem rays (g). 
I^E^cases occur in w^ich the woodring seems stimulated m those layers 
last formed because the outermost cambial layers are constructed of paren 
chyma wood. As on the various kinds of Eucalyptus the >ntunrescences 
occur most frequently on the side of the branch turned toward^the light, 
and often only then. After the explanation given these cases, a more 
thorough discussion is needed here. 



S3 Blossoms of Cymbidium Lowi with gland-Uke intuhiescenco (a) on the 
ig. S3. Blossoms u 7 perianth. (Orig.) 


Intumescences occur most rarely on blossom organs. I obsetwed one 
such case in Cymtidium Lotti The blossoms, normally large and otherwise 
well-developed, exhibited on the under side of the perianth, quince yellow o 
yelbwish ^^en. hemispherical bosses (Fig. 830) ; exactly the same struc^ 
Lres could be found also on the ovaries. In an immature stage they had 
a smooth upper surface, later they cracked open m the apical region and 
became diressed like a funnel. In the older knots, the depression advanced 
to coqmlal Mo^alioH of the perianth tip. For this reason bbssgn^ 
were 3 salable. In Fig. 84, it may be seen that the cell layer found beneath 
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the epidermis (s) of the under side of one pajt of the perianth has devel- 
oped erect, club-hke tubes, atlfirst bent toward one another lik^ lopped 
trunks (.), which first had been held together by the brown-walled, swollen 
epidermis not affected by the stretching. After the epidermis had ruptured, 
the tubes, which were rather thick walled, deep brown and had lost their 
contents, separated from one another like sheaves. The process of the 
over-elongation gradually attacks the deeper and deeper lying parts of the 
cell and finally advances even directly to the upper epidermis (w) . At this 
time the epidermis ruptures and the tips of the perianth tip^ become 
perforated. » 


The first stages of the intumescences have been studied in the ovaries. 
The first symptoms are a localized change in 
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Fiff. 84. Cross-section through an Intumescence on the perianth of Cymbidium 
Lowi. Upper figure, young stage; lower figure, mature condition. (Orlg.) 

O upper side. U under side, e epidermis, a (upper figure) tieginning of elongation of the sub-epidermal cells 
J uower figure) the ruptunng of the club-like over-elongated cells, g vascular bundled, w avemced 
condition of perforation. 


the tissue is perfectly colorless, more closely pressed together and filled more 
abundantly with protoplasm and oily looking drops. In some of these places 
a radial stretching has already taken place, which increases up to a diagonal 
inclination and cross-division. The process gradually extends to the sur- 
rounding cells, especially to those lying directly beneath the epidermis. The 
elongating layer becomes strikingly thick-walled and turns coffee brown, 
while the collapsing, swollen epidermis forms a light yellowish brown cap. 
The discoloration is accompanied by a process of suberization, and to this 
probably rtiay be ascribed the fact that the cells, becoming brittle in the still 

Sorauer, P., Intumescences an BlUten. Ber. d. Deutach. Bot Gea. ItOl Vnl 

19 n 11R 
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incompletely developed org^ps affected during their elongation, rupture and 
crumblp. This is the beginning of the fufinel-like depression at the tip of 
the intumescence. 

Among fruit intumescences. I have most frequently observed the unripe 
pods of beans and peas and noticed that many varieties of fungi infested 
the pods. The fruits, especially when near the surface of the soil, seemed 
closely covered with warts and awakened the suspicion of a marked fungous 
infection, as may be seen in the pea-pod shown in Fig. 85. 
j 5 n cross-section, it may be seen in different places, which still seem 
smooth to,the naked eye, that some epidermal cells have already begun to 
elongate. These often lie directly beside the 
stomata, but without the cooperation of the 
stomata in producing intumescences. Gradu- 
ally the parenchyma cells lying below be- 
come elongated. The elongated elements are 
often divided by cross-walls and form warts. 
However, these are first formed of rows of 
cells arranged like columns. These warts 
grow to a height of one millimeter ; later they 
become brown from the dying of the peri- 
pheral layers and, after the covering splits, 
the rows of cells spread out like a sheaf. 

Fig. 86 shows the greatest development. 
The normal wall of the pod is shown at fr; 
e indicates the epidermis; p layers of the 
thick-walled partially intersecting elements 
of the inner parchment-like fruit membrane. 
In the centre of the outgrowth (w) the 
elongated columnarly arranged parenchyma 
cells, separating toward the outside, irregu- 
larly like a fan, are visible. The outermost 
peripheral zones, shaded in the drawing 
-)■ indicate the moribund tissue. The 
<Orig.) walls of these collapsed parenchyma groups, 

often shrinking together in curling tips, seem 
yellow to brown and give the warts an earthy color. From the repeated 
splitting of the intumescences, which are often so close to one another that 
only a few normal epidermal cells separate them, the whole wall of the pod 
obtains in places a mossy outer surface. 

The parchment-like inner wall of the pod forms intumescences ; indeed • 
this is more frequently the case than on the outer wall. In some kinds of 
peas, with very pithy pods, white tissue felts resembling species of mold 
may be found almost every year on the firm, smooth inner surfade. In one 
jcase in the intumescence tissue, I found numerous oospores which presum- 
ably had belonged to Perdnospora Viciae. 
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From the examples already cited it is eviilent that the intumescences 
may occur on all aerial organs of plants. They form one link in a chain of 
phenomena which in part commonly occur together and in part, 41 fact, 
overlap. We have described the simplest (listurbances as “Aurigo;” they 
are characterized by the impoverishment of some tissue groups in the 
interior of the leaf with a destruction of the chlorophyll apparatus, usually 
with the formation of carotin. As the chlorophyll disappears the cells are 
apt to become distended. They fill the intercellular spaces, thus exercising 
pressure on the surroundings; they finally die as the cell walls become 
suberized. Such nests of over-elongated cells are also terraej “intenuS 
intumescences " In teal intumescences the processes of impoverishment 
and cell elongation begin in the peripheral layers of the organs and in fact 
usually in the sub-epiderra,il 
cell layers, more rarely in 
the epidermis itself. The 
process of over-elongation 
is less impeded here and 
frequently advances into 
the more deeply lying tis- 
sue layers, so that we find 
cases of intumescences be- 
ginning on the under side 
of the leaf and gradually 
including the whole meso- 
phyll as far as the upper 
epidermis. If the forma- 
tion of cork sets in in the 
intumescence tissue, we find 

wart-like or pitted cork Fi*. 86. Cross-scctlon through the outer surface of 
, , . , , , pea-pods with intumescences. (Ortg.) 

centres which can lead to 

the complete perforation of the leaf. 

On the trunk the intumescence manifests itself in the hypertrophy of 
the bark parenchyma which, in isolated enclosed centres, breaks out from 
the bark in the form of warts with a smooth or repeatedly split outer sur- 
face. If the processes of over-elongation are not res^icted to small isolated 
centres but attack the parenchymatous tissue in large, connected surfaces, all 
the organs rupture, causing the condition which we have called dropsy. 

Although the phenomena described here are related structurally, we 
have treated them separately because different conditions are the dominat- 
ing causes of different outbreaks. Many investigations have shown that an 
atmosphere heavily ladened with moisturp is a decisive inftijence in causing 
intumescences. 

References to my work and that of other older investigators may be- 
found in the bibliography of Kuster’s* “Pathological Anatomy.” I will cite 

Kttster, Ernst, Pathologische Anatomie. Jena 1903. Oastov -Flscber. 
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here a few especially pertipent observations. Some of these consider the 
question of light on the production of an intumescence. In this connection 
Atkinjon' explains that increased turgescence in leaves will be produced by 
repressed transpiration if the greenhouses are poorly lighted. Actually, in 
many cases, I found intumescences in the autumn and winter, ^cause of 
cool, cloudy weather, if the greenhouses had to be heated after the plants had 
been brought in from outside. Trotter^ states directly that half darkness 
favors the formation of intumescences. Steiner’ also made the same 
observation, but stated that they will form only iii the first days of darkness, 
so that on^ may conjecture an after effect of the former activity of the light. 
This author observed also in Ruellia and Aphelandra, that the plants with 
equal atmospheric humidity only formed intumescences for a few weeks 
and therefore had adjusted themselves to the high degree of moisture. That 
the abrupt transition from dry to moist air is actually the decisive factor is 
shown by the renewed formation of intumescences, when the plants, after 
having become adjusted to a dry atmosphere for three weeks are brought 
again intqi moijt air. 

Steiner found that no intumescences are produced under water, as did 
Kuster’ on poplar leaves which he had left floating on water or nutrient 
solutions and in darkness as well as in light. Only when the illumination 
was too great, this process was suppressed, probably as a result of increased 
transpiration, In contrast to this, Viala and Pacottet’, in describing intu- 
mescences on grape leaves in greenhouses, said they had determined by 
direct experiment that intumescences are produced by the action of the 
light in a moist atmosphere. They are produced only directly under glass. 
The Missouri Botanical Garden makes a similar report. 

The most thorough experimental studies are Miss Dale’s'. She ob- 
served with Hibiscus vitifolius, that the yellow and red rays are especially 
effective in producing intumescences. Her experiments with potatoes are 
especially instructive in regard to the action of sudden changes in the vege- 
tative conditions. The plants were grown in a cold section of a greenhouse 
and then set in a warm house at a temperature of about 2l“C., under a 
brightly illurainatqj bell-glass. After 48 hours, the stem and the upper 
side of almost all the leaves were covered with masses of pale green raised 
spots. If the plants were then brought into dry air, the blisters shrivelled 

1 jttWnson, a. F., Oedema of the tomato. Ball. Coifiell Agric. Exp. Station 
1893, Na 63. 

2 Trotter, A., Intumescences fogliari dl Ipomea Batatas. Annali di Botanica 

1904, No. 1. . , , 

^ Steiner, Rudolf, 'Cber Intumescenzen bei Ruelli f^mosa und Aphelandra 
Porteana. Ber. d. Deutsch. Bot. Ges. 1905, Vol. 23. p. 105. 

* Ktister. E.,*ttber experlmentell erzeugte Intumescenzen. Ber. der Deutsch. 
Bot. Ges. 1903, Vol. 21, p. 452. • * 

8 Viala et Pacottet. Sur les vermes des feuilles de la vlgne. Compt. rend. 
Acad. d. sciences 1904, No. 138. 

« Dale, E., Investigations on the abnormal outgrowths or Intumescences on 
Hibiteuf vitifolius. Phil. Trans. R. Soc. of liondon. ser. B. 1901, Vol. 194.* — 
Dale, E., Further experiments and histological investigations on Intumescences, 
with some observations ori nudear division in pathological tissues. Phil. Trans. 
R Soo. of London 1906, ser. B. VoL 198. 
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up to black spots or perforated the leaves, l^some leaves fell, when the 
the plants were kept longer und?r the moist conditions, a great cushion of 
intumescences was produced on the leaf scar which displayed siijilarity 
to the wound callus. • Older plants und,er similar conditions did not 
develop iatumescences as quickly, nor as abundantly, while very old leaves 
developea none. Pieces of leaves, laid in moist cotton, after possibly two 
days, were thickly covered with eruptions. Quickly growing plants react 
most easily to the stimulus of a sudden change in the amount of moisture. 

. These observations support our theory that the formation of intumes-, 
cences is the reaction of the organ to a stimulus due to a sudd^ increase 
of atmospheric moisture. Only the immature organ reacts. If older leaves, 
as we observed, for example, with Solantim IVarscewiczii, respond with a 
formation of intumescences after having been brought from the open air 
into a damp greenhouse, these are exceptional cases of a special excitability 
of the species. Such cases occur in various plant genera. 

My results differ from thn.se of other investigators, since I’always found 
that intumescences invariabl)' developed as the result of an arrested assimi- 
lation due to an excess or deficiency of light. It always manifests itself, ' 
however, in the scanty formation of solid reserve substances, usually, m fact, 
those already formed become dissolved. In accord with Miss Dale’s assump- 
tion, the variation in assimilation may be connected with the increase of the- 
oxalic acid content in the cells showing in the abnormal increase in turgor. 
In the same way, experiments with young leaves and pieces of leaves show 
how the root pressure may be eliminated. 

Different combinations of the vegetative factors may give rise to that 
deficient assimilation which shows itself in the formation of intumescences. 
In the greater number of cases falling under my observation, I find the cause 
to be an increase of heat and moisture given to a plant naturally dormant, 
or being forced to arrest its assimilation from external conditions. The 
following action throws light on inhibitory regulations. 

Thk Tubercle Disease of the Rubber,. Plant. 

On the under side of the leaves are found numerous abundant, very 
small, gland or tubercle-like, hemispherical swellings. These are produced 
by the pouch-like elongation (Fig. 87, iitt) of the cells of the leaf, which, 
in 3 normal condition^, have the form and arrangement shown at the side of 
the picture marked m and, therefore, are separated by larger or smaller 
intercellular spaces ^»). The morbidly elongated tissue (inf) on the under 
side of the leaf thus approaches the normal leaf palisade parenchyma (/») 
which is provided with a three-fold epidermis (e). Of these three layers, 
the outermost is small-celled and provided with a very thick layer of cuticle. 
The innermost cell layer of the epidermis displays more thin-walled, com- 
paratively very broad cells (w), which form the so-called water-storage, 
protective layer. Isolated cells, enlarged like sacs, in this layer conceal 
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■ those peculiar grape-like clusters of cell substance incrusted with calcium (e) 
known as cystoliths. ‘‘ 

The close structure of the upper epidermis of the leaf must,prevent the 
passage of air, while the lower epidermis is well fitted for this purpose. 
•. The spongy parenchyma shows large intercellular spaces (t ) , the enclosed 
. air. in which can pass out through the air chambers under the stomata (a) 
and the stomata (st) to the outside, making room for the freshly Altering 
outer air. The conduction of water takes place through the leaf veins, one 
j of which is seen in section at g and shows at r the large ducts. The course 



'Fig. 87. Crosfijseotion through a leaf tubercle of the rubber tree- (Orig.) 


of organized building substances, produced in the leaf and flowing down 
toward the trunk, is shown at sch, the sheath of the vascular bundle; k 
indicates the place at which the cells begin to enlarge because of an excess- 
ively increased turgor, thus filling the intercellular spaces and forming, 
therefore, first of all, “internal intumescences.” The excessive water con- 
tent manifests itself still more in the peripheral tissue, since, exposed only 
to the pressure of the epidermis, its cells elongate into tubes and, together 
with the epidermis, can be pushed outward (iut). 

Actually, therefore^ the tubercle disease of the rubber plant is a regular 
intumescence which belongs to the previous division. We have, however. 
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isolated this phenomenon of disease, because iuhas an essentially practical 
significance in the cultivation of l^iscus as a market plant. 

The (Jisease occurs less often in plants grown for sale than in home 
ornamental plants, where it may lead to a premature defoliation. My experi- 
^ments prove that it is produced by giving excessive heat and water to plants 
when their growth has stopped and their transpiration lessened, thus stimu-, 
lating them to renewed activity. I produced intumescences by keeping a 
rubber plant in a very hot room and giving it abundant water after it bad 
made a vigorous summer growth and passed into the normal resting period, 
instead of the cooler, drier environment which it should naturalljihave had. 
Leaves fell immediately, while intumescences were formed on the yoifhger 
ones. -When the plant was put in a light, but cooler place, the leaves with 
the intumescences remained on the stem* until the next summer, when the 
plant again grew nor- 
mally if somewhat more 
weakly. 

This kind of disease 
and its cure may be 
considered characteris- 
tic. The intumescences, 
therefore, are highly sig- 
nificant symptoms of ab- 
normal turgidity in all 
plants. As soon as they 
show themselves, the 
plant must be put into a 
light, cooler environ-- 
ment and given a de- 
creased water supply. 

The Skibi Diseases of Fig-. 88. Hyacinth bulb infected with the pustules of 
' the skin disease- <Orig.) 

Hyacinths. , . . . • . 

j scales which nave lost their gloss. & formation of pustles. 

rp , . , dried edge, -t young bulb. 

1 n 1 s phenomenon 

(Fig. 88) has not been considered, although it occurs very frequently. 
Normally the outer scale leaves are smooth, firmly enclose the bulb, and 
usually extend up to its neck. In this disease they are short and die back 
from- the dying edges. Often sucli hyacinth bulbs crack open and are 
thickly covered with dry leaves, especially near the place tom. On the still 
fleshy outer parts of the bulb, colonies of the blue-green mold (Penicillium 
glaucum) frequently occur. 

The leaves standing isolated, or connected with one another, are flat- 
tened on the upper side and often many boil-like, swollen, yellow places 
appear. In the colored part also of normally dried bulb scales, they almost 
always show some mycelium. In cultures this is proved to belong to 
Penicillium. The tissue of such diseased places differs from that of normal 
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scales in its yellow, uncomiponly brittle walls, breaking into sharply pointed 
pieces and in the wide lumina of the celfe, while that of the healthy ones, 
with {Jieir somewhat swollen, thick, colorless walls, have sunk together until 
the lumen disappears. All traces of starch have disappeared from the 
yellow-walled tissue, which sometimes traverses the scale, is suberized, and 
pushed up by the subsequently produced cork cells and from the colorless 
surrounding tissue. 

After the diseased, dry bulb scales have been removed, one notices that 
the still perfectly white, succulent scales, normally extending to the neck of 
the bulb, have begun to dry, beginning at the top. Here the tissue loses its 
natural smoothness and turgor, so that gradually the scale has a folded 
appearance, due to the collapse of the cells which lie between the more 
prominent vascular bundles. Besides this, the edge usually becomes yel- 
lowish. At the same time, on the deeper parts of the fleshy, white places in 
the scales, glistening from turgidity, appear small, longish, glassy, trans- 
parent, yellowish spots, protniding slightly above the uppefl surface. These 



Fig. 89. Cross-section through a scale of a hyacinth infected with akin disease. 

(Orlg.) 

increase in a few days and almost at once become more noticeable because 
of the yellowish juicy edge. Then, however, the change advances more 
slowly, since the outpushing occurs only gradually more distinctly and its 
centre becomes whitish with a dry membrane and longitudinal folds; with 
increasing age, the centre becomes depressed and finally the scale seems 
perforated.' When treated with sulfuric acid the upper lamellae, lying 
directly beneath the cuticle (Fig. 89 1 ) of the somewhat thickened epidermal 
cells, swell up markedly and at limes mycelium may be found in them. 

A cross-section through the diseased scale (Fig. 89) shows at b an older 
pustule and on the left of this a younger one. In the discolored epidermis, 
the walls are swollen and this process of swelling and suberization (vk) in 
the older leaves has already advanced through the whole thickness of the 
scale. Here the fleshy, starchless parenchyma^ lyhich at the beginning (p) 
was found to be still colorless and with a normal arrangement, has col- 
lapsed like cords and formed hardened places with irregular openings (e). 

, In the cells directly beneath the outpushed epidermis, there are no nuclei, 
while they are present in the next inner cells, but brown in color. In the 
epidermis, cork cells are produced, while the parenchyma lying beneath gives 
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the sugar reaction with the Troituner test. In tflis tissue, rich in sugar, the 
formation of cork advances and since the corked cells do not collapse, they 
rise gradually more and more above the other tissue of the bulb scalfc, the 
walls of which retain their cellulose reaction and collapse. Analyses give 
dry substance 

Healthy bulbs. Diseased bulbs. 

In the outer scales 34.6 per cent. 51.82 per cent. 36.7 per cent. 55.43 per cent. 
In the inner scales 22.4 “ 33.50 " 32.6 “ 40.16 “ 

Thus the diseased bulbs are richer in dry substance, which is qpt strange 
since the process of drying of the outermost scales has advanced rather 
further in them. 

After the removal of all the brown colored scales, the sugar content 
(defined as grape sugar and reckoned on dry substance) is. 

Healthy bulbs. Diseased bulbs. 

In the outer scales 0.71 percent. 0.82 per cent. 

In the inner scales 1.23 “ 1.66 " 

That is, the bulbs are richer in sugar in the inner, younger scales than 
in the older ones, and when diseased both the inner and outer scales are 
richer in sugar than those in a healthy condition. 

We thus obtain the same results as were found in the ringing disease. 
As a matter of fact, both diseases frequently occur simultaneously and these 
pustules, which may be termed intumescences, prove to be symptoms of a 
scantier ripening of the bulbs. This may be found even in very luxuriantly 
cracked specimens. It is self evident that Penicillium grows rapidly and 
frequently on such a ihedium. The skin disease therefore deserves great 
consideration as a symptom and indicates that bulbs should be grown in a 
sandy soil not too rich in humus nor too damp. 

The Glassy Condition of Cacti, 

A diseased condition was observed in various cacti and studied more 
closely by me with Ccreus nycticalus I.k. This condition is characterized by 
the appearance of glassy places, later becoming black. In the more delicate 
Cereus varieties, a greater extension of this tissue change kills the part of 
the stem which lies above it. Death results either through a drying up of the 
blackened tissue, or with the assistance of bacteria, through the appear- 
ance of a pulpy condition, when the outer skin may be loosened by a slight 
pressure of the fingers. If the centre of disease is limited to one side of 
the stem, this may be healed, leaving deeper cup-like wounds. 

The illustration on page 456, of the manner of growth, shows a piece 
of the stem of Cereus nycticalus blackened at the upper end and softened 
to a pulp. On this softened part, a strip of the outer skin has been loosened 
by a slanting pressure of the finger. At the base of the piece of the stem 
ire found healed wounds which extend to the wood ring of the stem. 
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When examining badlf diseased spec^ens, it is noticed that a number 
of glassy places occur like warts on the upper surface. The cross-section 
sbow^that while the outer part of the bark of this piece of stem is still dark 
green and normally constructed, the underlying bark layers lack chlorophyll 
and starch and have greatly enlarged cells which cause the warty excres- 
cence. In contrast to the usual intumescences in which an elongation of the 
sub-epidermal layers causes the warty outgrowths which often rupture, I 
have termed the abnormal enlargement of the cell centres lying deeply 
cdepressed in the tissue, “internal intumescences.” In this, these phe- 
nomena are related to the yellow-spotted condition described above. Here 
the first stages of the disease are found in centres of cells poor in content, 
browning and turning to cork in the midst of green tissue ; only in cacti the 
stems are affected, while in Pandanus the changes are found in the leaf. 

The cell aggregations, which usually increase only in one direction, 
collapse, while, especially in the bark of the cactus, the cells retaining thin, 
colored walls, are usually elongated into tubes and have a star-like arrange- 
ment. From these inner diseased tissue centres, the process of impoverish- 
ment and over-elongation of the bark parenchyma extends backward toward 
the wood-ring and laterally in the direction of the bark, constantly further 
around until a considerable part of the stem is browned or blackened. 
Finally the outermost cell layers are also attacked by the discoloration 
without the usual appearance of any over-elongation; rather, the stem 
appears as black as ink, even to the naked eye. 

In the first stages of this disease, while the tissue still has a glassy appear- 
ance, the process of blackening occurs almost immediately after the sections 
are made, indicating that even then there are large amounts of tannic acid, 
which unite with the iron of the knife. Since, however, the discoloration 
follows when the plants have been injured with a horn knife, or with a 
platinum spatula, the presence of a sensitive substance must he assumed 
that rapidly discolors in the presence of the oxygen of the air. But 
guaiacum tinctures alone, or with hydrogen peroxide, do not give a blue 
coloration, *With litmus paper the whole bark parenchyma gives a sharp 
acid reaction. 

An accumulation of glucose may be considered as a factor which might 
begin the over-elongation of the cells ; for, after treating the section with 
the Trommer sugar test, cuprous oxid is very freely precipitated in the 
glassy tissue as a whole, and this precipitate is scantier toward the healthy 
tissue. The proportion of starch content is the reverse. In the most dis- 
eased tissue, it is nil, while the healthier surrounding tissue displays starch 
abundantly. The proportion of calcium oxalate is peculiar ; it occurs usually 
abundantly in the slime passages. In healthy green bark tissue, this calcium, 
oxalate occurs chiefly as raphides, while in the diseased parts it is found 
* usually in short octahedrons and at times in large cylinders. Probably 
varying amounts of the water of crystalization determine the form. 
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The upper figure in Wustrat^n go shows !/lt process of healing. It is 
a cross-section through the branch with a depressed wound, which may be 
seen at the base of the picture, showing the habit of growth. M is the pith 
with its slime cells ; //, normal old wood ; R, bark. It is seen at the wound 
that the tissue atrophy originally included the whole bark (R). The wood 
cylinder (H), however, was not attacked. The edges of the bark wounds 
(wr) died and were separated by a full cork layer (I) from the healthy 
bark parenchyma at the sides. In the remaining part of the bark, a new 
growth in thickness had set in, which manifested itself by forming Idle, 
primordia of new hard bast strands (b ). The old hard bast near dhe wound 
was diseased and found shut in by a cork envelope. 

The whole tissue zone (h'-&')liad been formed anew subsequently, and 
indeed in those parts covered by the bark by means of a normal cambial 
activity, but at the wound itself by an increase of the youngest sapwood. 
For the wound destroyed the cambium, and accordingly the last formed 
cambial wood layer has started a renewed increase of cells and has formed 
callus-like tissue. The primordia of the vessels, which at the time of the 
deposition of the latest sap-wood had already become thick-walled, have, 
however, not taken part in the increase, but have been pushed outward 
passively by the newly formed callus. It is seen in this, that these primordia 
of the vessels (g'}, which in the cross-section resemble the ducts (g) in the 
normal wood (If), now occur isolated in the callus tissue. 

The healing process becomes more exactly recognizable in the lower 
anatomical figure which represents a piece of tissue from around the hole 
in the upper cross-section. W again represents the old wood with some 
vessels (j;). Where the elements, represented with thick walls, cease, is 
seen the most depressed part of the wound. On this remain the youngest 
elements of the sap wood, which had increased in size and number after 
the phenomena of decay had ceased. The immature sap wood, already 
differentiated, became .more porous and thin walled, and thus it happens 
that thin-walled vessels (g’) may be found again in a delicate parenchyma 
wood. All the tissue indicated by (n) has been newly formed, its produc- 
tion corresponding with the new formation of bark on peeled trunks. The 
new tissue, developed from the callus, already exhibits some differentiation. 
This differentiation indicates that the stem is about to form new bark where 
it was injured, for in the region directly in front of the thin-walled vessels 
(ff'), we find the first parallel cell divisions indicating the formation of a 
new cambial zone. Besides these, the primordia of secondary hard bast (b') 
may be rect^ized, to be sure, even in parenchymatous tissue with a plastic 
content but not containing chloroplasts, which later becomes normal bark. 

This healing process, however, has only been observed when the plant 
had direct sunshine and fresh air in circulation. I have learned to recognize 
the disease as occurring in greenhouses and indeed in those where because 
they contain plants from warmer climates the air is enclosed and very moist. 
In one special case, the abundant ventilation in the greenhouse stopped the 



456 





457 


Fig. 90. At , the ri|ht side of the figure, indicating ettie nuanner of growth, is a 
reduced piece of the stem of Cereus^nycticalus. which, blackened and softened at 
the tip, shows a piece of the bark loosened by pressure of the fingers. On its lower 
part are found deep bowl-like wounds which have been healed. The upper dewing 
of the structure shows a cross-section of a bowl-Ilke wound which is being nealed. 
The lower drawing gives the new structures and tissue differentiations, which take 
place during the process of healing the wounds. (Orig.) 

M pith, H wood, R bark, z normally placed ducts, r' displaced ducts, b groups of dead, hard bast of 
the outer bark, enclosed by biirk, b' groups of youug hard bast of the outer bark, ter edge of the 
wound of the older bark 1^1. The oW tissue is separated from the healthy tissue by a layer of plate- 
like cork cells te and m new bark differentiated from the wound callus. 


disease, while in the following year, with the new planting of foliage plants 
and with accordingly increased humidity in the air, it reappeared to a great 
degree. For this reason, 1 would like to consider the phenomAion as a 
direct result of excessive humidity. 

Methods for checking this are self evident. In one case, besides the 
increased supply of light and air, the addition of plaster to the soil has 
proved advantageous. 


We have devoted considerabl* space to intumescences and related 
phenomena in order to point to their importance. Greenhouse plants are 
chiefly considered and repeated observations have shown that most numer- 
ous diseases may be traced to the act that the natural dormant period of the 
plant was not considered and the plants were stimulated to untimely and 
therefore abnormal growth, by a high degree of heat and moisture. 



CHAPTER VI. 


Fog. 

In temperate climates, complaint is rarely heard of injuries from fog. 
In the mountains, vegetation has adjusted itself to the abundant precipi- 
tation and the attempt has been made so far as possible to overcome the 
delay of ripening grains and of drying the remaining vegetable produce by 
cultural regulations. 

The so-called "fog holes” of the plains may also be “frost holes.” 
These are distinguished by a vigorous lichen growth on the tree trunks. 

In w^rm regions, fog becomes a more important factor, causing damage 
to plants, since it actually favors the development of saprophytic and 
parasitic fungi. We find the greatest number of complaints in regions 
where cotton is grown and exhaustive descriptions have been sent from 
Egypt. David^ writes from the cotton experiment station at Zagazig that 
each October morning in lower Egypt, the soil is covered by heavy, thick 
vapors or low fogs. The first general result is that the bolls do not open 
because the carpophyles remain too tough. The foliage becomes covered 
with red spots, ascribed to the action of the sun on the dew drops, acting as 
lenses. The cotton fibres in the bolls decay and lose their value from the 
action of a black fungus. Besides cotton, Hibiscus esculantus and H. 
cannabinus also suffer; young maize plants as well. The irrigation with 
Nile water, its soaking through the land while the soil is fallow, makes it 
moist, dense and slimy or oozy. This physical characteristic is the chief 
factor which makes Egyptian fogs more disastrous than the English and 
mountain fogs. 

The sensitiveness of cotton is due to its special soil and climate needs. 
These are very thoroughly described in Oppel’s* special work. According 
to this, cotton as a low-land plant cannot endure a stony soil or any abrupt 
changes in temperature. In its time of growth, lasting six months, it 
requires i 8 ° to 20°C. a medium heat and abundant moisture, but it is found 
to be very sensitive to continued rain. “A high degree of atmospheric 
warmth, a good deal of soil warmth, a clear sky during the day and abundant 

r David, Nebe] und Erdausdtinstnngen und ihr Einflnss aut tlgyptlsche Baum- 
wolle. Zeltgchr. f. Pllanzenkrankb. 1SS7, p. 148. 

z Oppel, Die BaumwoUe nach Geschlchte, Anbau, etc. Leipzig, clt. Bot 
Jahresber. 1902. I, p. 874. * ■ 
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dew at night are the chief conditions.” Af tcS" the blossoms open, dry 
warm weather must prevail. Sandy soil is especially suitable. In soils 
rich in humus the plant runs to foliage. Clay soil is absolutely unsuitable, 
since it does not let the water percolate through. 

However, examples of adaptation to the climate are known. Thus, 
Webber and Bessey' report that cotton, when carried from the Bahamas to 
Georgia, did not thrive at first, but gradually adjusted itself to the temper- 
ate climate. 

However, fogs, even of the English variety, may become disastrous,, 
especially near cities with many factories. P. W. Oliver-, upon the re- 
quest of the Royal Horticultural Society, has published the most extensive 
studies on London fog. The most troublesome admixture is the smoke, 
the elements of which coat not only the plants but window panes, etc., with 
a sooty covering. An analysis of this sooty covering shows ; 


carbon 39.00 per cent. 

hydrocarbons 12.30 

organic bases 2.00 

sulfuric acid 4.33 

hydrochloric acid 1.43 

ammonia 1.37 

Metallic iron and magnetic oxid 2.63 

Silicate, iron oxide and other mineral substances. 31.24 


The injuries to plants are usually only phenomena of discoloration. 
However, different plants are more susceptible; hence the fog may cause 
the dropping of the leaves. In injuries of the first kind, leaf tips and edges 
become brown, but the remaining leaf surface is still capable of functioning 
(Pteris, Odontoglossus, etc.). The dropping of leaves with yellowing and 
browning, or even without any external signs of injury, is the most frequent 
result. Sulfuric acid is considered as the cause of the leaf destruction; in 
addition, Oliver ascribes as an injurious influence also metallic Iron, In 
deciduous plants which remove all the starch from the leaves before they 
fall, the most important agent exciting abnormal leaf fall is sulfuric acid. 
Experiments determining a rapidly reduced transpiration show reactions 
similar to these from fog, if at the same time the light was decreased. I 
also ascribe the emptying of the cells to the lack of light, for with the action 
of the acid alone, I found in my experiments that the whole cell contents 
died quickly and were deposited on the wall. 

Of the tar compounds, pyridine was found in fog in especially large 
amounts. 'When exposed to vapors of this substance, the leaves became 
limp and a darker green. The cells were plasmolyzed ; the cyptoplasm in 
the epidermis had turned brown, but the chlorophyll did not change. As a 

1 Yearbook ol the Dept, of Agriculture, 1899, p. 463. 

2 Oliver F. W. On the effects of urban fog upon cultivated plants. Journ. 
Boitic Soa Vol 16* 1898; clt. Zeitschr. t Pflauaenkrankb. 1893, p. 224, und Qard. 
CbMu 13. 1892, p. 21, 694, 648, etc. 
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rule, wherever a brown coloration occurred, tannin was found in the cells. 
The penetration of pyridine, like that of sulfuric acid, takes place chiefly 
through the stomata. Very similar effects were found also, due to sub- 
stances related to pyridine, such as pkoline, lutidine, nicotine, thiophene, etc. 

Phenol attacks the foliage very vigorously in aqueous solution as also 
in the form of vapor, with strong plasmolysis and a brown coloration of the 
protoplasm and chloroplasts. 

The blossoms behaved very differently in relation to fog ; at times they 
, showed considerable difference in two varieties of the genus and, in fact, in 
different petals of the same blossoms. Tulips, hyacinths and narcissus were 
very resistant. 

It is interesting that, as a result of the lack of light connected with the 
fog, whereby assimilation, transpiration and respiration are repressed, a 
peculiar yellow-spotted condition often sets in. In this, there is an accumu- 
lation of the acid content (because, with the decreased respiration, less 
organic acids are burned) and an increase of turgescence connected with 
this seems to lead to cell elongation in the mesophyll (aurigo). 

Thus, in considering the effect of fogs, we have to consider two injuri- 
ous factors, the decreased light and the action of the poisonous substances. 
This becomes the more dangerous the greater the plant’s need of light. 
Plants adjusted to a lesser supply of light (ferns) are less sensitive. 

Only in greenhouses can the injurious effect of such fogs be lessened, 
and this has been done in England. Special purifying apparatus is made 
use of (fog annihilators), with which the air entering the greenhouse is 
passed over strongly absorbing substances (charcoal). For out of door 
planting only a choice of resistant species can come under consideration. 



CHAPTER VII. 


RAINSTORMS. 


The injurious effects of beating rains on the soil have already been 
mentioned. They pound the upper surface down or cover it with great 
quantities of silt. The immediate result is oxygen starvation for the roots^ 
The mechanical effect of heavy rains on the plant itself is first to be con- 
sidered. There are many natural devices in plants which safeguard the 
leaves from the beating and tearing effects of heavy rains or the undue 
accumulation of water from long continued gentle rains. Stahl' and 
Jungner- have given a thorough presentation oi these conditions and call 
attention to the formation of the tips and to the position and repeated 
division of the leaf surface, etc. 

The direct results of the rain are a decrease of transpiration and a great 
water absorption by the roots. They have been less considered. Here also 
the mellififl of the wood of trees belongs. Friedrich’s investigations’ show 
that a constant swelling of the tree trunk (aside from any direct growth) 
takes place during the night because with lessened transpiration, the tree 
swells, while in the daytime it shrinks. The differences will be most marked 
when the growth is rapid and the wood swells, especially when rain comes 
after considerable drought. Bark and periderm are less affected. Growth 
and swelling of the wood cylinder are regulated by the influence of atmos- 
pheric humidity on the tops of the trees. 

It is thus easily evident that smooth bark will crack in places because 
of the strong and sudden increase in swelling and growth. When the soil 
is rich and the atmospheric humidity great, these cracks may become open 
wounds, constantly increasing by bacterial infection. Rough place ^he^ 
arise on the bark of the young tree trunks. These may be observed,^r 
example, in lindens, elms, ashes, jnaples, etc., near wet ditches and ponds. 

The influence of longer periods of rain manifests itself in herbaceous 
plants, even more than in woody ones, by cracks in fruit and stems. Among 


1 Stahl, m, Begentall und Blattge^t Etn Mtra* zur Pflanzenbiologle. 

-Bbiad. Bot Not.;^clt Botan. 

Jahrert«r. m3j^p.j49.^^ Ober den Bmfluss der Wtteruag den Baimzuw^hs. 
Mlttell, Ub. d. fw-stl. Versuchsweaen Oaterreicha Wein 1897, Part 22. 
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our vegetative plants, the^ splitting of cucumbers is most important. The 
fruit suffered most of all, but sometimes fhe stems also cracked. Decreased 
temperature, accompanied by continued rain, not infrequently causes the 
total failure of harvests, since the cucumbers often show gummosis and are 
attacked by various black fungi. 

Long, cool rainy periods also cause a premature leaf fall, badly devel- 
oped heads in grain, a small amount of sugar and starch in beets, tubers, etc. 

Repeated showers have a very disastrous effect when they fall on 
blossoming fruit trees and during the setting of the seeds of field crops. In 
the first j)lace, the insects, necessary for fertilization, cannot fly about so 
freely, and secondly, the anthers will not open so well, nor will the pollen 
grains stick so well on the stigma. 

Nevertheless, the theory that the increase of bacteria and fungi is 
always favored by periods of rain does not hold absolutely. Parasitic 
diseases usually increase only if the rain is accompanied by warmth. On 
the other hand, cold wet weather retards the growth of the mo^t important 
parasites (rusts, false mildew, etc.). 

In tropical regions, however, rain storms usually favor the development 
of fungous diseases and, to give at least one example, we will mention 
Busse’s observations'. He found that the Phytophthora decay on the cocoa 
fruits was especialy marked in rainy years. The amount of rain is not 
decisive but rather the character of the storm. Mighty gusts of rain seem 
to keep the fungus spores from settling on the smooth-shelled fruit ; but the 
softer, more frequent rains, easily producing stagnant moisture in the de- 
pressions in the soil and in the regions where the drainage is poor, have 
proved favorable for the fungi. Those regions suffer less to which the fresh 
sea breezes or some wind has unhindered access. 

Among cultivated plants in rainy seasons, the wind is a helpful agent 
in the struggle against parasites. This helpful agent has never been suffi- 
ciently credited for its work. The tops of trees should be freed of excessive 
water by frequent shaking. This should be done especially in closely planted 
orchards and in warm rainy periods. 

1 Basse, W., Reiseberlcht der pilanzenpatholo^schen Expeditfhn d. kolonial- 
wirtschaftl, Komitees nach Westafrika. Tropenpflanzer 1906, p. 25. 



CHAPTER VIII. 


HAIL. 

All injuries from hail form wounds, with a consequent loss of sub- 
stance ; any chemical action as a result of the cold of the hailstones cannot 
be demonstrated ; only the mechanical blow which either tears away various 
parts of the tissue and, by drying, causes them to go to pieces, or. slits the 
leaves and branches in knocking off more or less large pieces. 

The small piece of rye-blade, which is shown here, has been struck by 
hail at the points g, s and v, and shows the effects of the blows of the hail 
stones. In considering such a section after a hail storm which has not been 
severe enough to knock off the leaves, or heads, or to break the whole stalk, 
we find, as every one knows, whitish or white spots on the green striped 
upper surface. The striping is produced by alternate dark green furrows 
and lighter colored lines. In cross-section, it is seen that these furrows 
consist of a soft bark parenchyma, containing chlorophyll, while the lighter 
colored stripes are composed of thick-walled fibre-like cells (p). These 
fibre strands stiffen the blade. The thicker their walls are, the more re- 
sistant the blade is and the less inclined to fall. In Fig. gi, the green 
parts are seen to be changed most. The cells at g appear uninjured; at z 
only dry cell walls are found, which are connected with one another by a 
scaffolding-like structure. Toward the centre of the blade, however, there 
is green living tissue (n). Here, the blow of the hailstone has not destroyed 
the epidermis (e) at all,, but has bruised the more delicate bark parenchyma 
underlying it so that part of the cells have died. Only a few pieces of the 
cell walls of the former juicy bark tissue remain and, at this point the hail- 
stone has had such force that it has broken the thick-walled, tough epidenms 
at 0. Air has entered through this opening and this hail spot appears white 
to the naked eye, while at u a greenish tone may still be noticed. 

Similarly, the loss of tissue will take place in other parenchymatous 
parts of the plant and the assimilatory activity will fall according to the 
severity of this loss. Yet, this reduction of the life-activity may become of 
great influence only if the hail storm sets in at a time when vegetative 
growth has stopped and the plant has entered upon the reproductive period, 
when it withdraws the cytoplastic substance from the leaves. 
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C. Kraus* made his observations on barley and describes the effect of 
hail storms on the grain. He found marfy heads greatly b#fc; backward and 
turned, since, after the buds had been hit by hailstones, they were so bruised 
that only the furtherest developed could free their tips from the outermost 
leaf sheathing. Heads which had been hit directly were retarded in their 
whole development; the kernels were lighter, not uniform and often tipped 
with black. The weight of the heads was about 38 per cent, of the normal, 
that of the grains, about 43 per cent. Kraus found similar conditions in 
two unbearded wheats, in which, however, because of the absence of beards, 
the heads h«d worked their way more easily out of the uppermost leaf sheath. 
Accordingly the weight of heads of wheat struck by hail was only about 



Z healthy firreen tissue, z tissue iojured by a hail-stone, u adjoining healthy tissue, v completely 
destroyed bark of the blade with ruptiined outer roembrune («), h pnrenchyma of the blade. f> ■ 
vascular buadte. P ropes of cells resembling bast fibres. 


24 and 15 per cent, and the weight of the grains about 27 and 17 per cent.* 
less than normal. 

When the hail storm occurs early in the year, i. e., perhaps in May, 
many shorter green glades bent at the base are found later between the 
ripening, upright ones covered with hail spots. The hailstone had probably 
bent the plant and the blade required more time to straighten and this had 
delayed ripening. 

Wheat seems to be the most robust. I observed after a hail storm in 
June, 1905, that rye blades showed the injuries represented in Fig. 91, while 
in the corresponding cell groups -of the wheat, the inner tissue was split by 

1 Kraus, C., Wirkung von Hagelschlagen. Deutsche LandwirtschafthPresse 
1899, Nos. 14-16. 
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only one tear or was not injured. The epidermis was not tom, but only the 
walls and contftts were browned.* 

The heads were broken in a very charac- 
teristic way. Fig. 92 shows a slight breaking, 
with the axis making an obtuse angle (h). In 
the more severely injured heads, the axis was 
bent two or three times, and where bent was 
almost bare. 

Fig. 93 shows the construction of the axis 
where bent : g, ducts ; z, torn parenchyma ; v, 
a vascular bundle, which has been killed. 

Laterally from this, at hr, the tissue as a whole 
was a deep brown. Whera other heads had 
been hit the epidermis was torn open; the 
bordering tissue had collapsed, fallen to pieces 
and turned brown. .Some vascular bundles 
were found to be almost entirely isolated, since ■ 
the torn or disintegrated parenchyma had 
cracked off. This might be a result of ten- 
sion, since later the still green heads continued 
their growth. The injuries vary very greatly 
according to the way the hailstones strike. 

Kraus's observation shows that after the hail- 
stone had struck the head before it had become 
rid of the leaf sheath, the beards remained 
where they were. Therefore, the head ap- 
peared bent like a bow. The injuries usually 
were at the points where the young heads are 
attached rather than in the internodes of the 
axe|. 

Oats will endure severe injuries if the 
panicles are still enclosed in the upper leaf 
sheath when the hail storm strikes them. Per- 
fectly sterile heads may be produced and the 
injury to the plants resembles that of thrip so 
much as to lead to confusion. In some years 
I have often found twisted barley heads due 
to the sucking of thrip. PuppeP has often 
studied the effect of mechanical blows and his 
illustrations are very helpful. For example, 
with a heavy smooth roller, he flattened a field 
of young winter rye which had not yet formed 
a blade. When the heads began to develop, 
they were deformed exactly as if they had been mjured^by hail. 

■ - I Puppet, Max, Hagel- and Insektenachaden. 40 platea Irotf original photographs. . 


Fig. 92. Head of wheat broken 
by hail. The grains have fallen 
at the broken place, leaving It 
bare. (Orig.) 
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Wheat, hit by hail on,,the 4th of June, was peculiarly injured. Besides 
the well known hail wounds, plants wefe found scattered' throughout the 
fild^with a green appearance and almost empty heads. In July, the kernels 
present were still green and milky. The heads, as a whole appeared a light 
leather-brown, due to the discoloring of almost all the glumes. Among 
these were found short, fresh green tips which belonged to the sprouted 
small heads. These contained six to eight blossom primordia, not one of 
which had developed, and the uppermost showed only the beginnings of the 
anthers. The glumes were lancet-like, dark green and as soft as any 
herbaceous growth, so that a distinct transition to a foliage character was 
recognizJble. In one case young plants had actually sprouted out of the 
base of some small heads. 

Behrens' observed similar.conditions in hops after a hail storm occur- 
ring on the first of July. Four weeks later the blossoming catkins opened 



Fig. 93. Cross-section through the stalk of the wheat head of the previous figure, 
at the place broken by hail (h). (Orig ) 


and contained only leaflets. The author’s experiments connect this trans- 
formation of the inflorescence actually with the destruction of the leaves 
by hail. On vines from which the leaves had been stripped, the so-called 
brausche hops grew (see p. 344), while on the stems on the same place 
which had not been stripped, catkins developed normally. 

In potatoes, it has been observed that injuries due to hail reduce the 
starch content of the tubers". Injury to the pods may seriously affect rape. 
It is a matter of course that, in all cultivated herbaceous plants, the destruc- 
tion of the leaf must affect the yield — even to the loss of the harvest. U 
would be a mistake to remove foliage injured by hail. Experiments with 
cabbage plants showed that better heads were obtained when the injured 
foliage had been left than when it had been removed. 


1 ZeitBchr. f. PflanzenkrEuikh. 1896, p. 111. 

: Jatiresber. d. Sonderausecbusses (. Fflanochutz 1903, p. 94. 
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Internal injuries in juicy fruits, caused byjiail, are interesting. Fig. 
94 shows a cross-section of a torSato fruit skin struck by hail. We notice 
at the left, the actual place hit, a hard, dry dark-brown excresjenee, 
the blow of the hailstone did not destroy the epidermis (e). The more 
tender sub-epidermal tissue was fatally bruised and consequently turned 
brown and dried (f). As a result of the further process of swelling, the 
tissue of the still unripe fruit is torn and transformed to a hard cyst. 

Besides this injury, which is most strikingly noticeable, however, a 
second hard place is found in the juicy flesh of the fruit surrounding a, 
vascular bundle (3). The hardness of the tissue arises here l\f cause of 



Fig, 94. Cross-section through the fruit wall of a tomato struck by hail. (Orig.) 


e epidermis of the outside of the fruit, s' epidermis of the inside of the fruit wall, m 

cut off from the livinit tissue hr plate cork M. r cells elonealed radildly iind >u part dmdine walfe 

m normal cells of the fruit flesh. / the beginnrou of the formation of plate cotk. * 

cular bundle sheath. /> division of the cells which are over-eloiiltated radially to form a vascular bundle, 
k zone of cork tissue, st starch, e collapsed cells with swollen cork walls. 


suberization, which has affected the whole spot after the cells had begun to 
elongate and divide freely in the vicinity of Ae bundles. This has probably 
been initiated by the change in a ring-like zone (z) at a definite distance 
from the vascular bundle due to the blow from the hailstone or its after 
effect. Some 0/ the cells have collapsed from the swelling and suberization 
of the walls; in other cells, the walls have only swelled, while the walls of 
4 he adjacent cells have only been suberized. When the hail fell, the fruit 
was still green and rich in starch and, during suberization, the starchy was 
retained in the irritated tissue zone, while, during the ripening, it has disap- 
peared from the rest of the fruit flesh. On this account, we see a ring 
drawn about the vascular bundle, composed of deep brown tissue filled with 
starch (jf). 
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Because these cells die and partially collapse, they make possible the 
elongation of the cells lying directly about the vascular bundle and rich in 
watef. They have elongated in an approximately radial direction, begin- 
ning at the sheath of the vascular bundle (h) and have divided by parallel 
cross-walls (w). Besides the actual place of injury, the parenchyma of 
the fruit wall has also participated in the radial elongation (r) and only 
the inner flesh remains normal. On the boundary between the normal and 
the over-elongated tissue a formation of flat cork (/) began at the time of 
the observation. Joining the corked internal spot, this forms a consistent 
tough mass. 

Similar cork places are met with in pomes, such as apple?. Here, too, 
the blow from hail often causes no open wounds, especially in unripe fruit. 
We find only depressed places, which later turn practically brown. The 
depression is produced by the bruising of the parenchyma of the apple skin, 
lying under the epidermis which has not been injured, and, as a result of 
which, it has dried and split, usually in radial cracks. Here, as in the 
tomato, the starch has been retained in the corked tissue, adjacent to the 
hail wound, in case the apple was still green when struck by the hail. In 
this case, irregular zones of cork cells in the form of an hour glass are 
often developed later, which cut off the whole internal hail wound from the 
healthy flesh of the fruit. 

Most significant are the bark injuries due to hail, which, in themselves, 
as a rule, are of slight extent, but represent considerable damage because 
of their frequency. So far as I have had opportunity of observing these 
injuries in fruit trees, I have found that the disturbance in the tissue has 
not been confined simply to the brui.sed place but has also spread laterally. 
In hail wounds on the one year old twigs of the current year, on which they 
cause relatively the most considerable injury, the disturbance spreads later- 
ally from the actual place of injury in the form of a softening of the bark. 
As a result of this we see, in <^jss-scction, stripes of parenchyma extending 
from the dead zone outward, and usually filled with starch, pushing into 
the normal wood and softening it. It thus acquires brittle and crumbly 
properties, which may be of special importance in those trees whose twigs 
are used as tying and braiding materials (willows and birch) . Wounds, due 
to hail, may often be distinguished from the injuries due to frost by their 
position in the annual ring. Since hail tfsually occurs in the hot season, the 
wounds lie near the end of the annual ring, while frost injuries appear in 
the spring wood. It is striking that beneath the places hit by hail in the 
twig of the current year's growth, upon which frost cannot have acted at 
all, one finds at times in the radius of the wounded place, that the pith is 
browned and. the spiral vessels greatly discolored, since the wood of the 
vascular bundle, lying between tjie injury and the pith crown, is healthy. 
The only possible conclusion is that the disturbance extends feck toward 
the pith through the medullary rays. 
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Often hail wounds may be distinguished ftom frost wounds because 
straight lined normal wood, with numerous vessels, very soon appears again, 
while, when the frost cracks heal, broad zones of parenchymatous ^ood 
may be found, due to the great extension of the adjacent edges. When the 
hail injury is slight, the hark is not uniformly destroyed, and the cambium 
continues growing with many gaps. 

When bark has been injured it peels at this point very unevenly and 
unsatisfactorily from the wood. This has an economic effect, since, when 
oak is grown for the commercial use of the bark, the shoots, struck by hail, • 
peel very 'unsatisfactorily. 

Often hail wounds provide openings for other diseases. If wet weather 
prevails for some time after the hail storm, decomposition frequently sets 
in, due to attacks of fungi, etc. In the Amygdalaceae an exudation of gum 
may set in. Such secondary diseases may later destroy. the branches. If 
this dying back extends to the top shoots of young trees, deformed tops or, 
in seedlings, crippled trunks are of frequent occurrence. 

In fruit nurseries, after a severe hail storm which has greatly injured 
the smooth barked trunks, these trunks should be pruned back almost to the 
bud, thus renewing the stem. When the tops of older trees have been badly 
broken and deformed by hailstones, it is advisable to try to reform the top 
by severe pruning in the following spring. Ordinarily, the power of regen- 
eration is so great in trees that hail wounds heal over easily, but when large 
pieces have been torn from smooth barked trees by the incessant beating of 
hailstones, it will be necessary to hasten the closing of the wound by using 
some tree salve. When the roughened surfaces of the hail bruise have been 
made smooth by cutting with a sharp knife, they will heal more easily. 
Then a mixture of loam and cow-manure, free from straw, with ashes or 
powdered slate kneaded into the form of a salve, should be used. 

With the present mania of wishing to cure everything by manuring the 
soil, it is not surprising that, even in extend^ injuries, as from storms and 
hail, with a loss of substance, fertilizers will be applied at once. We would 
caution against the use of this; even on poor soil, fertilizers should be used 
only when the tree has already made new growth. Large wounds which 
will take some time for healing, are best closed by painting with tree-wax, 
which flows when cold, i. e., with a mixtute of resin, which thus prevents 
the entrance of water. It is cheaper to coat the wound with coal tar. 

In connection with fruit trees and grapevines, Miiller-Thurgau empha- 
sizes our warning in regard to retaining the foliage in vegetative plants 
which has been injured by hail*. 

In growing grapes, a certain hard flavor is mentioned*. This is sup- 
posedly the result of a fungous infection of the places when hail has injured 
the grapes. These grapes should be cut out, though the work is very tire- 

1 Miiller-Thurgau, Beobachtungen Ober H^elsch&den an ObstbS.umen und 
Reben. VII. Jahresber. d. Versuchsstatlon zu Wadenswell. 

* Chronlque agricol^du ^Canton de Vaud vom 10 August, 1895.. 
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some. The broken cluster Closes again completely as the gra^s left grow so 
much the larger. If the injured vine is to be pruned, this should be begun, 
at ths earliest, a week after the hail storm in order to see how far the plants 
have recovered. In pruning, as much growth of the current year as possible 
should be left. It is especially important not to force prematurely lower 
eyes which promise fruit. By using precaution* at least twice as many eyes 
are left on the vine above the real fruiting eyes as are needed in the follow- 
ing year. 

The method of spreading nets of galvanized iron wire over the vines, 
said to ha customary in Piedmont, should be recommended for further test- 
ing, as a means of protecting the vines from injury*. 

Recently many experiments have been tried with “cannonading against 
hail.” Nolibois* developed the theory’ of this method. The water vapors 
arising from the soil are condensed into clouds, the moist dense layers lying 
lowest. When these lower layers are greatly condensed by the radiation of 
the soil, the layers directly above them are cooled greatly, occasionally below 
zero. Any shock is now sufficient to bring the overcooled mist to freezing 
and precipitation. If the process is continued, there is a constant weakening 
of the cold action in the upper cloud layers, resulting finally in rain. 

According to this theory, declivities would be more exposed to hail than 
lowlands ; lime or sandy soil more than moist alluvial soil ; bare soil more 
than forests; land more than lakes or the ocean.’ If superimposed cloud 
layers could mingle one with another so that the temperature is more equal- 
ized, and over-cooling hindered, the formation of hail might be prevented. 
Attempts are now being made to produce such movement of the layers of 
the air adjacent to the clouds, by the explosion of cannon. 

Another theory based on the production of whirlwinds resulting from 
the mingling of cold air from the mountain with the hot, rising stream of 
the valley*, likewise recommends cannonading against hail. In Italy numer- 
ous shooting stations have already been formed, yet the reports are very 
contradictory. More favorable reports on the cannonading of the air have 
been sent from France’. 


I Ungariache Welnzeitung 1896, No. 34. 

3 Hho, G., Le retl metaUiche a difesa delle vitl dalla gragnuolo. Bollet, d. 
Soc. dei Vlticoltorl. Roma 1892; cit Zeitschr. f. Pflanzenkrankh. 1894, p. 168. 

3 Nolibois, P., Th^orie de la formation de la grele; cit. Hollrungg Jahresher. 
f. Pflanzenkrankh. 1904, p. 73. ■ 

* Bordlga, O., Grandine e sari. Atti del H. Istltuto d’lncorraggiamento, Napoli, 
Vol. II, 6 Ser. 

3 Praktische Blatter f. Pflanzenschutz, herausg, von Hlltner, 1906, No. 11. 



CHAPTER IX. 


WIND. 

Among the sudden effects of severe wind are the injuries known as 
“uprooting of trees by wind” and “breaking of tree trunks by wind.” In 
the first, the trunks of the trees are thrown over to one side, taking the root 
systems with them. In the second, which is economically more injurious, 
the trunk is broken off. 

The action of the storm depends upon the variety of the trees, the 
stiffness of the individual trunk and its location. In regard to the variety, 
it may be remarked that tough wooded genera, like birch, spruce, hombean 
and redbeech are more often overthrown than broken. Pines and oaks 
break more easily. The kind of break also differs with the genus. It 
seems as if pines break off shorter, while the oak splinters and the brittle 
acacia often shows deep clefts on the stump, extending downward from the 
broken surface. In regard to the individual firmness of the trunk in the 
same variety, it is evident that trees, rotten at the core, break most easily. 
The individual structure of the tree top, which forms the chief point attacked 
in the lever represented by the trunk, is likewise of importance. The 
position and the local conditions influencing the structure of the root system, 
essentially under consideration here, are of the most extensive influence. In 
deep soil, those trees will endure more wind which have not been trans- 
planted, since in transplanting the tap root has been cut off to make the 
moving easier. In shallow soil, the advantage of the tap, root is lost and 
the development of the top becomes the important factor. The higher the 
branching begins on the otherwise smooth trunk, the higher is the centre of 
gravity, and the more liable the tflee is to be uprooted or broken. Pyra- 
midal crowns are therefore probably better than those of a dense spherical 
form. There are naturally exceptions to the rule; the more exposed the 
locatidn of the tree, the greater the danger of injury. On mountain slopes 
it is often noticed that injuiy due to storms, especially in uprooting the 
trees, is far less extensive on the windy side than on slopes on which the 
storm passes downward. Further, whole groups will be overthrown often 
in the centre of an uniformly old tract of trees. This may be Explained by 
the fact that the wind, in blowing upward, is more uneven and can effect 
only a small part of the crown of one tree because another standing lower 



down on the. declivity is dfrectly in front it. This rising of the tree tops 
in tiers can often be perceived in forested level costal regions. Only, here 
the terracing of the tree tops is not produced by inequalities of the soil and 
trunks equally tall, but by a different height of the trunks, on level soil. It 
is noticed that where coast winds strike 'the trees, the outer trees do not 
grow tall, but are kept down like shrubs. Only at some distance behind 
these, and increasing with the distance, do they grow to the height of forest 
trees. Whirlwinds will overthrow whole groups of trees in the centre of 
an uniform tract. A different natural form of wind protection is men- 
tioned bx Schiibeler* (see p. 253) for spruce families, from the Gudbrands- 
dai, at an elevation above sea-level where the spruces approach their height 
limit. The trees are usually arranged in rows in exposed places, and in fact 
in such a way that the main trunk stands at the side turned toward the pre- 
vailing wind, while the branch suckers form a pretty straight line behind the 
parent tree. Therefore, only where this parent tree keeps off the wind is it 
possible for the young sucker trees to grow up. 

In the tropics the cultivation of cocoa is often affected by the wind 
storms. Aside from the indirect losses from overthrown shading trees, the 
wind also directly tears apart the forkings of the main branches. Accord- 
ing to L. Kindt’s reports, an attempt has been made to produce tall tree 
trunks from the remains of the bush forms, injured by the wind, by letting 
one of the many water sprouts grow up and then forcing it, by topping, to 
form branches. This process has been found partially advantageous, but 
has been entirely abandoned by Kindt upon his own experience. He found 
that in such an artificial formation of the trunks, contrary to the nature of 
the tree, only scanty, weakly leaved crowns formed of short horizontal 
branches are produced in which fruits, ripening prematurely, are found only 
on the trunks. The yield is not satisfactory quantitatively and qualitatively, 
not only in the first year, but also in subsequent years. 

The duration and time of the storm, as well as the prevailing weather, 
should be taken into consideration. In rainy periods, the softened Soil 
gives way more easily and predisposes toward the uprooting of trees by 
wind (see Sewage Fields), while a spring storm on frozen .soil finds the 
trees more firmfy anchored and, with increasing strength, causes more 
windbreaks. 

Aside from these gross injuries occurring at once, however, those 
should also be recorded which do not destroy the existence of the individual 
but only weaken it temporarily or permanently. 

Among wind damages belongs an inclined position of the trunks . . The 
most striking and frequent phenomena are offered by street trees, especially 
where gutters run along both sides of the avenue or highway. The striking 
discovery may be made here; that if the street runs perpendicularly to the 
pre^piling direction of the wind (with us usually a west wind), the most 
exposed rows of trees have comparatively erect trunks, while those on the 


> SchObeler, Die Pflanzenwelt Norwegens. Cbrlgtlanla 1878-76, p. 168. 
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other side are more or less bent, overhanging the^tter and often exhibiting 
a curved growth. The inequality of the root support is evident from this. 
On the windy side of such a street, where the wind first strikes the surface 
of the gutter, the root system has developed differently; on this side, the 
roots cannot extend as far but are strongly fastened within the street dam. 
The wind pressure finds in this support a sufficiently strong counterbalance ; 
on the other side of the street, the conditions are reversed; here, to be sure, 



Fig. 95. Two wind bent and broken spruces; the tree on the left has two wltohea’ 
brooms and three secondary tips. (After Klein.) 

the roots are better developed in the street itself, than on the side toward the 
gutt#, and form the anchoring apparatus which counteracts the strain of 
the bending trunk. The propping side of the roots lies toward the gutter 
and, being weakly developed, causes the tree to incline toward this direction. 
It seems, Aerefore, that the tap root planted at an angle against the direction 
of the wind will form the most effective protection of fruit trees. Guj*(ires 
attached on the windward side are more commonly used, and serve also to 
relieve the strain of the tree, but may well be considered less useful. 
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This “sabre” or curvefl growth is explained by the annual bending by 
the wind when the shoots are forming in the spring and sutr.mer. The tip of 
the tnunk, continuing its growth at this lime, tends always to maintain the 
perpendicular position and bends only as the tree is quickly blown toward 
the horizontal. All that has been said here, in reference to the main axis, 
refers ^so to all branches which, in windy positions, actually produce a 
one-sided, flag-like top. 

The flag-like character results from branches bending away from the 
twind (with us toward the east) and from the scanty branching, with a 
considerakly longer main shoot, while the. branches growing against the 
wind remain shorter and at times die back. 

Ludwig Klein* gives very instructive examples in two spruces from 
the pastures above the road Haldenwirthshaus-Wiedenereck. The trees on 
the windy side had lost their branches almost entirely, as if one-half of the 
top had been cut oft’ with scissors (the pruning action of the wind). This 
is ascribed by Klein to the drying action of the wind. To the effect of the 
wind is added an appreciably greater warmth and consequently increased 
transpiration. 

In fruit trees, the flag-like tops often bear fruit only on their outer 
edges, since the interior growth is too dense. When the trunk has been con- 
siderably bent from the perpendicular, a great difference in nutrition shows 
itself between the upper and under side of the branch in the production of 
a more luxuriant foliage on the upper half. The attraction of the luxuriant 
wood shoots for the raw food substances from the soil, brought from the 
roots, increases in proportion to their development. The more they utilize 
this solution, the more is lost for the horizontal part of the tree top, and 
consequently some branches are pressed downward and begin to die, while 
the new leaf axes shoot upward in the perpendicular and form water sprouts. 
Thus is caused a sterility of many years duration. In various forest planta- 
tions near the coast, this one-sided development of the crown is also notice- 
able. The drying of the branches at any rate may be traced partially to the 
constant rubbing due to the wind. The difficulty of reforestration of coast 
stretches should not be explained by the salt content of the sea winds, as is 
often done^, but simply by their mechanical action. 

The stunted forms of trees on coasts and upper limits of the tree line 
is, in most cases, due to the wind. The tips are partly dried and broken off 
by the Wind. The weight of snow on the branches may have the same 
result. In the next period of growth the tree attempts to develop a new top 
shoot from one of its lateral eyes, which succeeds in conifers only feen 
there is local protection, and only rarely in stormy regions. As a result of 
the broken top, the lateral branches grow with increased rapidity and often. 


iTOetn. L., Die botanischen Naturdenkmaier flee Groasherzogtume Baden UBW. 
Karlsruhe 1904, Fi;* 26. 

2 Andertlnd, Leo, Bericht Qber die Wirkungr des Salzgehaltes der Luft auf die 
Beestrai^dsfcieter (Pinus Pinaster). Forsll.-naturwiss.. Zeltsch. 1897, Part 6. 



well covered with needles, lie oij the ground. ’Freda' describes a good 
example from the Livornian coasts. Besides the slanting trunks, varieties 
of pine and holly /uniperus phoenicea and Tamarix gallica are foundebent 
like snakes and the interwoven branches of Philiyrea and other bushes 
creep over the ground. Hansen* gives a very similar description from the 
Island of St. Honorat near Cannes. 

Bernhardt* characterizes certain regions in Germany as centres espe- 
cially frequently visited by storms. As examples should be named Schwcdt 
a. 0., the Silesian mountains, the Bavarian and upper Palatinate forests, the , 
forests of Franconia and, in a limited way, al.so the North German coast 
(Mechlenburg, Holstein). In these coast lands, northeast storms in general 
prevail as frequently as west and northwest storms, while in .Southern Ger- 
many, west and southwest winds have a decided preponderance; in North- 
ern Germany, as a whole, west and northwest winds. 

It is certain that the distribution of plants will adjust itself to the wind 
conditions, since the varieties which withstand wind better have survived. 
Schroter and Kirchner* quote, for e.xample, Muller’s explanation of the dis- 
tribution of the tree-like mountain pine {Pinus monlona) in the Alps. For- 
merly this was found over a larger area, but because of its slow growth, 
need of light and lesser demand had become limited to places where a diiler- 
ent forest vegetation cannot develop, viz., to wind-swept places with scanty 
atmospheric humidity above the forest line. This wind resistance capacity 
of the pine is probably connected with the anatomical structure of the 
needles. Zang and Scheit consider the so-called transfusion tissue of the 
vascular bundles a precautionary structure which, because of its constant 
water content, makes possible the life of the needles in continuous dry air=. 
Nevertheless, naturally, a definite limit may not be e.\eeeded and Zang' cites 
as an injury due to wind, the yellowing and drying of the tips of the needles.^ 
Certainly in conifer needles, the heavy wa.xy coating of the epidermis 
and the schlerenchymatic sub-epidermal cell row, just as in the cacti, succu- 
lent Euphorbiacae and Crassulaceae, increase the resistance to wind. 
Gerhard' emphasizes, for the Cape flora, as a further protective arrange- 
ment the reduction of the intercellular spaces and the depression of the 
stomata He emphasizes the development of sclerotic hypoderm fibres and 
the strengthening of the edges of the leaf by eollenchyma or bast bundles as 
a mechanical effect due to the wind, which manifests itself m spite of the 
* moisture of the soil. 


1 Preda, L., Effeti del Ubeccio, etc. Bollet. Soc. Bot. iUU. 1901; eit. Zeltschr. 
f. Pflai>aenkrankh. 1902, P- ^ , yjsitnnB’ 1904 Vo!. 93 Part I. p. 44. 

^ .lurch «nd Schneobruch usw.; clt. Forsch. 

unffiroeter/laibeni^^^^ der Bltttenpflanzen Mittel- 
®"™‘^'^SirDle“Trachdaensaum6 Im Blattbflndel der Conifren. Jei.q}8ohe 

Zeltecbr. f. a 'r Kieternadel usw. DlBaertation. Giessen 1904. 

? ISIkl’a. B"zu? B.Su:atomie usw. Dissertation, Basel; cit. Bot. 
Jahresher. 19oi IT, p. 298. 
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The very interesting'results of experiments, made by G. Kraus' to 
explain sabre growths and other tree forms, induced by the wind, are of 
great, importance. If a fresh growing shoot of an herbaceous or woody 
plant be bent so that its tip overhangs, the concentration of the cell sap on 
the convex side has become more concentrated. The increased sap concen- 
tratiot\ of the convex side is due to an essentially higher sugar content. 
This sugar is newly formed when the shock takes place. This noteworthy 
peculiarity is exhibited not only by the trunk and branches, but also by the 
half grown and fully grown petioles. The sugar formation, however, is 
not connected with the deformation but depends on the motion as such, and 
frequently when the sugar is formed, the free acid disappears. Ferruza' 
observed in palms and succulents that such interference increased the trans- 
piration; after Wiesner^ and Eberdt' had shown that the wind hastened the 
transpiration. It was found hy KohP and Baranetzky® that even very 
slight interference would increase the amount of evaporation. Reference ■ 
should be made to Burgerstein in regard to further literature'. 

The local distribution of the sugar warrants the conclusion that it is a 
preliminary step, if not a direct one, in the formation of cellulose in the 
plant’s metabolism, and it should be stated that, with the increased sugar 
formation in the parts of the plant moved by the wind, the formation of 
cellulose and the development of the cell wall will be hastened. It is a 
comparatively rare occurrence that plant tissues remain in the stage of their 
development in which sugar is formed. More frequent is the process, 
especially in growing shcwts, that the sugar disappears to the same extent 
as the cells become thicker walled. We will, therefore, scarcely go astray 
in stating that deformations, resulting from the action of the wind, are more 
stable, since the convex side of the bend forms sugar and cellulose more 
easily; hence its growth is completed sooner. If we consider that the place 
bent is more favorable for the action of light and warmth, then the early 
termination of the period of cell elongation is really a matter of course. 
The branch hardens sooner and does not grow so long; hence, therefore, 
the compact structure of the windward side and the slender, almost whip- 
like branch formation on the side protected from the wind. 

No more thorough discussion is necessary to understand the fact that 
seed beds and young plantations in light soils may at times be blown to 
pieces, that surface soil may often be blown away and become sterile because 
of the sudden imprudent removal of protective strips of forest and that 

• 1 Kraus, G., Cber die Wasservertellung in der Pflanze, IL Der Zellsaft und 
seine Inhalte. Sep.-Abdr. aus d. Abhandl. d. Naturf.-Ges. zu Halle, Vol, XV; cit 
Bot. Zeit 1881, p. 389. 

2 Ferruzza, G., Sulla traspirazione di alcune palmi, etc.; clt. Bot. Jahresber. 
1899, II, p. 134. 

® Wiesner, Jul., Gnindversuche tiber den Einflu^ der Luftbewegungen auf 
die Transpiration der Pflanzen. K. K. Akad. d. Wlssensch., Wien, 1887, Vol. 98. 

* Eberdt, O., Transpiration der Pflanzen und Ihre Abbdnglgkeit von b-usseren 
BediQgu'ngen. Marburg 1889, p. 82. 

# Kohl, F. G., Die Transpiration der Pflanzen. Braunschweig 1886. 

« Baranetzky, tJber den Elnfluss elnlger Bedingungen auf die Transpiratiotf der 
Pflanzen. Bot. Zelt 1872, 

7 Burgerstein, Transpiration der Pflanzen. 1904. 
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precaution can be best taken against the various injuries due to wind by 
means of a protective plantation, Suited to the conditions. 

We now come to wind-caused injuries to the leaf. The fact that Ijaves 
become slit or remain hanging, dried and sear, on the branches in places 
where wind frequently increases to a storm, is so frequent an observation, 
especially in coast regions, that it need not be taken up thoroughly here. 
Just as little need the injuries be touched upon here which are produced in 
unfolding leaves, by the rubbing of the leaf edges^. Places thus rubbed 
through are found with great frequency in horse-chestnut and beech leaves, 
which, still folded, break from the bud. Young branches are also injured 
by rubbing, as may be observed in the young shoots of pears and weeping 
willows (Salix babylonica) after stormy days in summer. Here belongs, 
further, the whipping of hop vines, whereby the catkins at times become 
prematurely ripe and red^. The dried edges of the leaf are more important, 
and as yet but little observed. Since many causes may lead to blighted 
edges, one must distinguish whether the dried and discolored edge forms a 
connected outline or one interru))tcd in places, or whether dry, discolored 
places push further into the leaf surface from the dead part of the edge 
(frequently wedge-shaped between the main ribs). 

Only the dry, browning nr blackening outline may be considered as a 
simple wind injury, as Hansen determined experimentally®. This investi- 
gator constructed* an original apparatus for producing wind in order to 
eliminate secondary factors (light, excessive heat, drought) which co-operate 
in the injuries due to wind, occurring out of doors. 

From these experiments, he found, first of ail, that passing currents in 
the air dry the tissues most. A simple striking of the wind against a plant 
growing against a firm wall is frequently less injurious and, under certain 
circumstances, actually without effect because the wall throws back the 
wind current. 

In the experiments carried out with this apparatus, a wind continuing 
day and night, lying between i and 2 of the Beaufort scale, was used. All 
the Individual leaves of tobacco plants, standing in pots, after 24 hours had 
slight brownings of the edges, while the remaining part of the leaf blade was 
perfectly healthy and showed no trace of wilting. On an average, the 
mature leaves suffered sooner than the immature ones. The drying of the 
tissue always began near the thinnest peripheral veins. The mesophyll col- 
lapsed, did not contain air but rather appeared translucent, “as if injected.” 
The cell content was deformed, the chlorophyll grains could not be clearly 
recc^nized. In many cells, the protoplasm contained slightly brownish 
granules; the vascular bundles had turned brown; the boundary between 


1 Caspary. Bot. Zeit. 1869, Sp. 201 .- Magnus, Verb. d. Bot. Ver. f.-d. Prov. 
Brandenjbw t^ra, P. Kultur des Hoptens. 1880. Herausgeg. v. Deutsch. 

Experlmentetle Untersuchungen dbor die B^chddigung dor 
Bl&tter durch Wind. Flora odor Allgem Bot Z«t 19M Vol 93, Part I. 

* Ber. d. Deutsch. Bot. Ges. 1904, Vol. XXII, Part Vn, p. 371. 
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dry and healthy tissue wag sharp and, in the latter, the vascular bundles not 
discolored. Hansen’s explanation is ihjft “the current of air fast robs the 
vascular bundles of their water, and so changes them that they can no longer 
act as conductors. Thus the mesophyll dries at this place.” This might 
also be the secondary process and the drying of the conducting cords the 
primary one, while as yet the drying of the parenchyma of the edge is 
usually looked upon as the direct effect. In opposition to this, Hansen 
says : “If one wishes to assume that the wind directly attacks the mesophyll, 
then it would not be possible to understand why the process of drying should 
not begin also in the middle of the lamina.” 

Bruck’ takes up the matter in the same way. He observed that in gen- 
eral only those leaves with the secondary veins extending to the edge, suf- 
fered peripheral injury, the so-called caspedodromous or cheilodromous 
(extending to the edges) venation. (Fig. 96.) Tree leaves from the same 
region, which did not exhibit the injury, had “more or less camptodromous, 

or rather brochidodromous, vena- 
tion ; their course is curved or looped 
without ending at the edge of the 
leaf.” In the latter form of vena- 
tion, Bruck perceived a decided pro- 
tection of the leaves against drying 
from wind. Browning of the vascu- 
lar bundles is very similar to that 
produced by frost. 

According to my studies on the 
production of dry edges of leaves as 
the result of the action of gases, the 
process of dying was different here. 
In the action of the gases in smoke, 
the tissue did not become translucent previously and the walls of the bast 
elements color yellow to brown ; the cell content dried together as a whole to 
an approximately uniform substance. The vascular bundles of the peri- 
pheral zone also were altered, but I explained the earlier death of the 
peripheral leaf mesophyll by the fact that even if the fine ends of the vascu- 
lar bundles still supplied water normally, this was not sufficient to cover the 
increased loss due to the action of the acid. It might be just the same in 
the dried edges due to the wind. The evaporation in the mesophyll, increased 
by the wind, may very well be the primary process. The loss of water in 
the leaf is relatively greater at the edge, since the upper surface is too large 
in proportion to the tissue mass and the water conducting system consists of 
too few elements, i. e., is insufficient. At the places where the leaf is thicker 
and the venation more developed, the tissues receive more water and retain 
more, since here the same evaporating surface, as at the leaf edge, has a 

1 Bruck, W. F., Zur Frage der Windbeschadlgungen an Slattern. Beihett Z. 
Bot Ceutralbl. Vol. XX, Section 2, Sep. 



Fig. 96. 

Craspedodromous Camptodromous 
venation. venation. 

(After Bruck.) 
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much more juicy parenchyma back of it. On .this account, close to the 
larger veins, we find strips of tissiife which discolor and dry last. 

In this section many striking diseases, held to be due to wind, have not 
as yet been sufficiently studied. An example may be found in the so-called 
ftombacher diseases of apricots, which Liistner* considers is due to wind. 
In Mombach, near Mainz, apricot leaves dry back from the tip and edge, and 
fall. Sometimes only the dried edge falls, while the rest of the leaf is left 
on the tree. Liistner considers this a wind disease, while Brack’s opinion* 
is that it is a result of sunburn. 

It is more necessary to protect garden plants against the raw spring 
winds than against frost. For example, it was observed in April, 1905, that 
young rhubarb leaves, which withstand frost if they thaw slowly and without 
being touched, were much injured when the frozen leaves had been struck*, 
by the wind. In the same way young rose shoots were injured only where 
blown by the wind. While in protected places, young vegetable and flower- 
ing plants stood in perfect condition; they were destroyed where the wind 
had free access’. Besides the increase in the amount of evaporation, the 
mechanical rubbing of the still tender organ is very destructive. 

In blowing the snow away, the wind does great harm. The seeds of 
various species live in furrows on the side away from the wind even with a 
minimal snow covering, while they die on the windy side. 

Only a properly constructed protective, plantation can decrease the 
injuries due to wind. By proper construction we mean, in the first place, 
the imitation of the system which nature adopts in coast regions, and, in the 
second place, the proper choice of trees. 

The natural system consists in the planting of the lowest growing bushes 
on the windy side; they are stunted or branches die back where beaten by 
the wind, but these dried branches break the force of the wind, letting the 
opposite side develop. If higher bushes are planted behind, they remain 
protected as far up as the height of the first plantation. If they exceed this 
their growth becomes stunted and one-sided, yet, nevertheless, they grow 
somewhat higher and in turn give protection to a tree planted behind them, 
until finally all the trees can grow well. 

Where there is chance that shifting sand may cause trouble. H. Neiier' 
recommends especially Poputus oibd and varieties of Salix. As infermediate 
plants Ailanthus glandulosa and Rhus Cotinus thrive well. Among bushes, 
LigustruM vulgufs, Cotonsustcr buxifoliOf SpxTueu opulifoliu^ Tamarix and 
Ribea sunguineufti are especially valuable. Of decorative plants. Pelargon- 
iums, Chrysanthemums and stocks should be used first of all. 


1 T.ii«ttier Tteobachtuncen Uber die sogen. Mombacher AprikoBenkronkhelt. 
Ber. i am Rhein. Berlin 1904, p. 222. Paal Parey. 

» mtaer!‘’joh!,*'lteuhe Winde. Prakt. Katgeber im Obet- and Gartenbau 1906» 

**Neuer, H., Neue Erfahrungen Uber Anlagen und Pflanzungen an der Nordaee- 
kUsta. Die Gartenwelt 1904, No, 48. 



CHAPTER X. 


ELECTRICAL DISCHARGES. 


Flashes of Lightning. 

In spite of numerous descriptions of destruction in the plant world, due 
to lightning, we have not yet acquired an exact knowledge as to the way the 
lightning acts. Just as in frost injuries, often similar to those produced by 
lightning, we must distinguish mechanical and chemical action; in lightning 
the mechanical action may be the more important one. Cohn* compiled 41 
cases where lightning had struck and an abundant bibliography. He states 
that when lightning strikes, the main current of the elktricity, after breaking 
through the bark, pas^fes down the tree through the cambial layer, whicl^ is 
a good conductor. “The heat developed by the action at once vaporizes the 
liquid contents in the cambial cells entirely or in part. The vapor, under 
pressure, either bursts the bark, with the bast clinging to it in strips or 
larger pieces. These broken" pieces are frequently thrown off to great dis- 
tances. Besides this main current, a secondary current in the poorly con- 
ducting wood will cause it to split where it is least firm, as a result of the 
sudden drying due to the evaporation of the sap. Therefore, according to 
Cohn’s theory, neither the split wood nor the torn off strips of bark should 
be considered as signs of the course of the lightning but only as indicating 
the region of the least resistance. With Caspary, I would rather think that 
the tom •trips are the actual traces of the lightning. 

Cohn based his assumption that a sudden vigorous formation of vapor 
due to evaporation in the tissue, strock by lightning, caused the explosive 
scattering of the bark qjid wood splinters upon the following evidenci!. 
First of all, dried splinters w'ere actually found. It is possible, however, to 
observe this only rarely since, as a rule, the storm is accompanied by a. 
downpour of rain which immediately wets the dried chips. The fact that 
trees may be set on fire by lightning, also favors the drying action. It should 
be stated here, however, that as yet it has not been proved absolutely that 

I Cohn. EHn Interessanter Blitzschlag. Verb. d. Kais. lieop. CaroL Akad. d. 
Naturf. Vol. XXVI, P. I. — fiber die Blowirkung des Blitzes auf Bduine. Denk- ‘ 
schrlft d. Schles. Ges. t. vat. Kultur 1S53, p. 267. 



perfectly healthy trees have been set on fire* ; rathf r most investigations show 
that only trunks rotten at the core Veit set on fire. 

The individual condition of trees, as well as the intensity of thejight- 
ning, governs the extent of the injury. It is found that different varieties 
of trees frequently show similar injuries and that certain kinds are especially 
apt to be struck by lightning, while others rarely. 

It should be stated, first of all, in regard to the nature of the injuries 
that in most cases the tom bark exposes the wood,, but that with varieties 
which are good conductors, and in young trees, lightning may strike, leaving^ 
no visible injury. As a rule, lightning does not strike the tip of^the pyra- 
midal poplar, but further down on the trunk, so that most of the top remains 
uninjured; the lightning then passes down the trunk in a splintered line 
which is straight or only very slightly spiral. Wood and bark splinters are ■ 
thrown off ; on the edges of this strip the bark is raised fyom the wood, the 
edges themselves are not discolored. In the oak, however, the tip is often 
struck and frequently large branches at the top are killed and broken off. 
The splintered strip usually exhibits a strong spiral twisting" on the trunk, 
its wood a more channel-likc, hollowed lightning path, while, in the poplar, 
sharply angled splinters indicate the course of the flash. Especially in oaks, 
besides radial splits, the lightning also produces many tangential ones in the 
direction of the annual ring. At any rate, the direction and form of the line 
of splitting depend on the structure of the wood. The lightning follows the 
path of best conduction ; hence the more the woo^ fibres are twisted, the 
more the splinters are twisted. In Fig. 97 F. Buchenau and Nobbe' repro- 
(fuced their observations on oak and show the spiral course of the line of 
splitting especially well. Caspary’s experiments on the effect of the sparks 
from the discharge of a Eeyden jar, loaded with 50 volts, confirmed the fact 
discovered by Villari that the electrical spark can travel a much longer 
distance longitudinally th the wood than transversely. Besides this, wood 
offers a greater resistance to the spark in a tangential direction than in a 
radial one. The relations of the extent and the place struck in longitudinal, 
radial and tangential directions are, according to Caspary, in fresh linden 
wood as 19 : 2 : I, in dry spruce wood, as 7 - 2 : i. The tissue was always 
tom in the course of the spafrk and an extensive destruction of the cell^ 
contents was perceived as a result of the heat. 

This result from the lightning could be demonstrated everywhere and 
■in the cases where no injury is outwardly recognizable, a narrowly limited, 
easily overlooked point of entrance may never ^e lacking, Colladon* also 
observed, for example, in a poplar and a spmee, especially characteristic 


1 Caspary, Mitteilungea fiber von. Blits s^roffme Murne und Telcgmphon- 
atangan. Schrllten d. phya. okonom. Ges. zu Konlgberg IgTl, clt. Bot. Z. 1873, 
p. 410. Beyer, Blltzschlag. Verb. d. bot. V. d. Prov. Brandeiib., 28 Jan., 1876. 

a Buchenau, Abhandl. d. naturwias. Ver. zu Bremen, Vol. VI. — Schrlften d. 
LiSODold Akfl/d d N&turf. Vol. XXXHI. 1867. 

TSoS-Nobbe Ztanik f. ForatmBnner. 4. ed, Berlin, P. Parey, 1882, p. 34. 

■ * Colladon Die 'wirkunff des Blitzes auf BSume; cit Bledermanns Centbl, 
1878, p. Bot. Z. 1873, p. 686 . 




Fiff. 97. An oak 23 m- hIghT which has been struck by Jightning. (After Nobbe.) 


a place where the split-off branch had joined the trunk. 6, c- d branches injured at their base which have 
drietl later, e branch remnining uninjured. II and III haniring pieces of wood, x and y .small branches 
injured iu the sapwood. 


rings. , A number of other causes have also become known, in which small, 
circular spots indicate the entrance or exit of the flash of lightning. 

R. Hartig, in his'text book' gives especially clear illustrations of the 
different kinds of injury due to lightning. He traces the difference in the 

I Hartig, R., Lehrbuch d. Pflanzenkrankhelten. 3d Edition, 1900. Berlin, J. Springer. 
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lightning paths to the unequal conductivity of th» tissues and to the degree 
of moisture present in them. If rain has fallen, weak flashes of lightning 
cannot penetrate into the interior of the trees, but only tear off piec^ of 
bark, lichens and dry branches. Tree^ which have a very delicate cork 
layer, as, for example, the pitch pine, display sometimes very noteworthy 
traces of lightning only in the outer bark tissue. Often only small, round, 
isolated places in the bark or others connected by sigoag lines an killed, 
which later loosen from the living bark of the tree, often after a preceding 
formation of cork. In trees with a heavy periderm, the lightning must first 
strike through this poor conductor in order to reach the inner bark, which 
is a good conductor Hartig considers the outer layers of the inner bark 
"which are poor in fat” as especially good conductors, while the tissue rich 
in protoplasm and, as a rule, containing much fat in the newest layers of the 
inner bark, is a very poor conductor on account of its fatty contents and 
often entirely escapes the lightning. The best conductive tissue is the young 
wood, having only scanty cytoplasmic wall coatings. This is also found to 
be very, susceptible to frost injuries. If (in powerful discharges) the 
cambial layer is also injured, there results an "internal healing.” 

The theory of the influence of the fatty contents on the conductivity of 
the tissue is based on the works of Jonescu*. He found that the electric 
spark struck through fresh wood the more poorly, the richer this was in 
fatty oil. In the same plantation the beech is rarely struck by lightning, 
while the oak is most frequently injured. A microscopic investigation 
showed the reason : the wood cells of the beech contained oil ; those of the 
oak were almost free from it. Other “fatty trees’ (in which in winter and 
spring all the starch is turned to oil), as tor example, Juglans rcr/ina, Tilio 
parznfolia, Betula, Pinus, were also found to be bad conductors when com- 
pared with starchy trees (Acer, Corylus, Fraxinus, Ulmus, Crataegus, etc.). 
If the oil was removed from the fatty trees by ether, sparks penetrated the 
fresh pieces of wood just as easily as that of typical starchy trees. It should , 
not be forgotten, however, in judging from these conditions, that the oil 
content in the different tree varieties changes in different seasons of the year ; 
from this it is evident that their electrical conductivity varies. Joncscu found 
with equally large pieces from the trunk of Tilia parvifolia that in February, 
when wood and bark are rich in oil, a much higher electrical tension was 
necessary than at the end of March, when the young wood was filled with 
starch and glucose. The converse is true in the beech, which from January 
to April, is rich in starch, but in May is rich in oil, as also the pine, spruce, 
hombean and common oak. The pine is pretty often struck during our 
summer storms. At this time it contains glucose in its wood, bark and pith 
and starch in its medullary rays. But in winter, the tree contains very finely 
distributed oil and it is seen that in countries with winter storms (Ireland, 


me SilSttg^ln Baumen, Ber. d. Deutsches But. 


Q. 1894, p. 129. 
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Norway) lightning almost never strikes pine trees. Theje differences in 
the composition of the cell contents, however, become of less importance if 
the,place of growth causes a high electrical tension, as, for example, if the 
tree stands on impervious layers of soil where water has collected, or on the 
banks of rivers, ponds, etc. 



Often in the course of years a tree will be repeatedly struck bv li?ht 

tZ! of heht OT li%h 

Picion of hL injfrks " H^rtt Hof lead to the sus- 

. Hartig (loc. cit., p. 241) thinks, however, that the 
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characteristic form of the lightning tissue in young wood would remove all 
doubts. Such a picture of repeated and healed injuries, due to lightning, is 
shown in Fig. 98. A similar constitution of the trunk could also indtcate 
frost wounds, only here the protruding frost cracks are lacking. Otherwise, 
however, the anatomical changes in the tissue which set in in the sap wood 
during the healing of the wounds due to lightning also exhibit a very great 
similarity to that formation of parenchyma wood which usually follows 
a frost injury. Since we will later consider the latter more closely, we will 
give here, only for the sake of later comparison, R. Hartig’s picture which , 
v. Tubeuf has recently reproduced’. We see in the lowest, thiak-walled 



Pig. 99. Cross-section through an annual ring of a spruce in the year it was struck 
by lightning. The crumbled cell layer shows the effect of the lightning., 
(After V. Tubeuf.) 

tracheid layer (Fig. 99) the end of the previous annual ring. The new 
annual ring has begun wdth the formation of thin-walled elements and was 
struck by lightning when the loth to 12th summer tracheids had been 
formed. The action of the lightning consists in the fact that the latest ivood 
elements have been displaced, slantingly pressed together, as if by a tan- 
gential pulling, and in part killed, while the cell layers, remaining capable of 
life, have developed into parenchyma wood and then gradually passed ovpr 
again into small celled normal wood. 

Healed wounds due to frost exhibit the same processes ; only, as a rule, 
the abnormal layer of parenchyma wood is found nearer the old annual ring. 

1 V. Tubeuf, ttber sogenannte Blitzlocher im Walde. NaturW. Zeitschr. f. Land- 
u. Fortswirtsch. 1906, p. 349. 
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This difference may be due to the fact that the disturbance from late frosts 
occurs usually when the trees have formed but little new wood, while the 
injuries due to lightning arc produced by summer storms later in the season. 

R. Hartig did not consider that the production of the collapsed strip of 
tissue was the direct result of the action of lightning, for he says^, if the 
lightning takes its course, entirely or in part, in the young wood, it is seen 
in this, that the cells remain unlignificd and are pressed together by the 
tissue structures produced later.” He then gives statements, as does also 
Beling=, on the death of whole groups of Irees in which he found® that the 
bast wa# apparently killed in the pines struck by lightning and in numerous 
adjacent trunks. The same observer also mentions a case in a mixed spruce 
and oak forest, in which the spruces predominated, wherein only the repressed 
(12) oaks showed traces of lightning, while the spruces were entirely unin- 
jured. The fact that, in mixed tracts, the oaks suffer with especial fre- 
quency from lightning has often been mentioned; just as also that other 
trees, not distinguished possibly by their height and structure, in certain 
localities fall victims especially to the lightning flashes'. 

In connection with the death of trees in whole groves, R. Hartig lays 
emphasis on his obser\'ations that this advances radially in tracts of pine 
trees, v. Tubeuf® has recently studied this condition. He describes a case 
in which only one larch apparently had been struck by lightning and yet a 
considerable number of the surrounding pines and spruces began to die. 
The larch showed an interrupted line of splitting extending down the trunk, 
the top remaining green. The trees surrounding it showed no local injuries, 
but died in a semi-circle of 25 m. Such cases have often been found. In 
an earlier publication v. Tubeuf® states the hypothesis that such dying 
back of large groups of trees is caused by “lightning spray,” i. e,, by the 
scattering Of the lightning into a number of rays pencils ; while EbermayeH 
traces the phenomenon to an internal lightning stroke, due to the sudden 
union of electricities which had been separated. Through the influence of 
the thunder cloud the opposed electricities divide in the tree; the unlike, 
negative, draws up to the upper part, while the other, positive, presses down 
into the lower part. “Now as soon as the lightning strikes, the cause of the 
separation of the two electricities inside a nearby body is removed and these 
suddenly reunite in the same moment.” v. Tubeuf cannot adopt this point 
of view on the ground of the results of his artificial lightning experiments. 
In the investigation of trees taken from lightning depressions, he found, 
coarse injuries due to lightning” in one or another trunk, and since other 
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causes of death (animal and fimgl enemies) were proved to have been 
excluded, he came to hold the opinion that spray lightning must exist. ,A 
division of lightning into two branches was observed by the head fortster, 
Petzold, in the forestry district of Sachsenreidh 

Blight of Conifer Tops. 

In 1903 V. Tubeuf*, using numerous illustrations, described a case of 
very extensive blighting of conifer tops in upper Bavaria. These observa- 
tions led to the conclusion that only one cause, acting once, in the winter of 
1901-1902, could have existed and that it must be sought for in an dualizing 
of the electrical potential in Kviter storms. The characteristic symptom is 
the manner of dying. In the up- 
per part of the tip of the tree, the 
bark, bast and cambium are dead, 
further down only parts of the 
bark outside the cambium, so that 
the last can form bast and young 
wood during summer. “The 
white, tender bast then can be 
easily loosened from the sappy 
wood as in healthy trees. The 
dead bark zone joined the newly 
formed bast and, outside this, the 
green bark was still living. Many 
strips of dead tissue, enclosed by 
cork, extended through this green 
bark. Still further down, the dead 
bast and bark parts were no 
longer bands, surrounding the 
trunk, but were divided into 
strips ; finally only dead spots are 
found and some meters below the 

tip of the tree, every' sign of disease disappeared. The trunk and the roots 
were perfectly healthy.” (Fig. too.) In the adjoining illustrated cross- 
section from a spruce, blighted at the tip, the bark is finally killed only on a 
few places in connected strips extending from the outside inward. Other- 
wise, in the bark layer, only scattered smaller centres of browned tissue may 
be found. Since these lie within the living bark, they are enclosed by a 
layer of white cork. The bast ring seems browned, but broken in different 
places by healthy tissue. 

The correspondence of these charactristics with the changes, described 
by R. Hartig as “lightning traces,” led v. Tubeuf to the opinion that this 



Kig-. 100. Cross-section through a blighted 
spruce tip; from the Forestry Division of 
Starnberg. (After v. Tubeuf.) 
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widely distributed tip bligfit, appearing suddenly in many individuals' must 
be the result of electricity. The most important point to which the author 
himself calls attention is that lightning usually strikes below the top, injuring 
the trunk, but leaving the crown uninjured; in other observed cases whole 
trees have died, but never the crown alone. In discussing the objections of 
other pathologists who consider that this blight is due to beetles or leaf 
rolling caterpillars (Grapholitha pactolamy, v. Tubeuf emphasizes the fact 
that the the trees show the characteristic symptoms of disease when the 
, bark beetles are absent, and that these, attracted by the smell of turpentine, 
appear oyly secondarily. Some pin^s and larches behaved like the spruces. 
In spruces injured by lightning, the dead wood is found in the form of brown 
strips of bark, surrounded by cork, lying within the otherwise green and 
fresh bark, and below the dead tops. v. Tubeuf could not find this either 
in trees which had been broken off, bent or eaten off, nor in others which 
had been frozen or killed by insects. 

Further investigations' proved that the anatomical characteristics of top 
blighted spruces, are identical with those found in trees where lightning had 
produced extensive injuries. The main support of the theory, however, lies 
in the fact that v. Tubeuf and Zebnler', by means of experimentally pro- 
duced. sparks, were in a position to produce, on the living trunk, external 
appearances of top-blight as well as all the similar anatomical pathological 
phenomena, viz,, the dead "bark-eyes” w'hich are surrounded by a layer of 
white cork. So long, therefore, as it cannot be proved that other causes 
produce the same symptoms, we must hold to tl^ fact that the kind of top 
blight described is a result of electrical discharges. These, in themselves, 
may be weak, but v. Tubeuf states that in his experiments with deciduous 
trees, and in his observations in the field, electrical injuries do not radiate 
far into the healthy tissue. In artificial electrical injury, the leaves died 
only to a certain point. 

In order to facilitate the conception of electrical discharge, v. Tubeuf 
calls attention to the St. Elmo’s fire* and has produced this experimentally. 
He rekrs in this to earlier experiments by Molisch'. Inspired by the ob- 
servations which Linnaeus’ daughter and son had made on the effect of 
lightning on flowers, he produced a light cluster, i. c„ a shiny but quiet 
electrical equalization. 


In V. Tubeuf’s experiments, potted plants were insulated by beine 
placed on a ball of wax. The soil was connected by a copper wire with one 
conductor of an induction machine and a wire was likewise fastened to the 
M^other conductor. .As soon as the machine was set in motion the 
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flower pot, together with the plant, was charged. “If the other wire is 
brought near the plant, a current of the positive and negative electricity is 
seen which had been separated in the two conductors and then in the’two 
wires. The positive electricity flows out in the form of a light cluster, the 
negative appears like little beads of light on the tips." Experiments with 
spruces and pines proved that a considerable number of needle tips on a 
plant, negatively charged, gave out the electricity in the form of beads of 
light when approached by the positively charged wire. If, however, the 
plant is charged positively, the electricity flows from the tips of the needles 
without light"^. 

It was observed in, tender plants that if the positively charged wire is 
held so high above the plant that there were no beads of light to be seen on 
the edge of the blossoms and that no sparks jumped over, no injuriejs fol- 
lowed. If this precaution was not observed, after a few minutes the petioles 
and parts of the sprouts below them began to wilt. These appeared darkly 
glassy as after frost or injury. It should be deduced from these experi- 
ments, that quiet electrical discharges can not call forth a direct injury, but 
that such an injury is felt at once if a spark discharge takes place. 

Differences Between Lightning anp Frost Wounds in Conifers. 

As yet, in v. Tubeuf's published results of his experiments, there is 
still lacking an illustration of the anatomic condition of the lightning 
traces which manifest themselves as eye-like spots in the bark. (See Fig. 
100.) Although in the wolks of Colladon and R. Hartig, mentioned at the 
beginning of this section, we also find statements as to isolated, ring-like 
traces of lightning, it still seems to me that further experiments must be 
made to demonstrate whether such injuries could not be produced by frost. 
My question has received added force since in deciduous trees I have ob- 
served similar phenomena round about bast groups which, lying near the 
eyes, had been injured by frost. 

■ In order to get reliable comparative material, I begged ftom v. Tubeuf 
specimens of his spruce, artificially struck by lightning, and produced frost 
wounds by exposing a healthy five year old pine (v. Tubeuf had also found 
characteristic lightning w'ounds in pines and larches) in May for a night to 
a temperature of 7°C. below zero in a freezing cylinder. The tree, appar- 
ently uninjured when taken from the freezing apparatus, was observed at 
the end of the year. This delay was necessary in order to give it time to 
heal over possible inner injuries as must also have taken place with the 
lightning wounds. 

The pine showed inner injuries only in the bark on one side of the base 
of the trunk ; indeed, partly in the form of isolated dead cells with brown 
swollen contents in the middle of healthy parenchyma; partly in the form 

1 tlwV die Unterschiede in der Wirkung der positiven und negatlven Elek- 
trlKlt&t. Compare Plowman, Electrotropiem of roots. Ameiic. Joum. Sc. 1904. clt 
Bot Centralbl. 1905, No. 40, p. 342. 



of larger dead cell groups which were enclosed by a living parenchyma wall, 
circular in form ; thereby they formed a figure resembling an eye (Fig. loi ) 
In the centre of this eye-like figure frequently a depression was formed (h), 
which was lined by slightly browned, at times almost colortes, cells («)! 
In comparing the pictures, which vary in each section, one became convinced 
that these cells, enclosing the cavity, corresponded to a resin canal lining 
and at times had been pushed out like vesicles into this cavity. This was 
bounded on the outside by a dead bark parenchyma (/>), with only rarely 
collapsed cells and usually of natural size, of which the contents and walls 
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Fig. 102 shows a cross-section»through the bark of a small spruce trunk 
injured by artificiah lightning. The trace of lightning (b) shows, first of all, 
a central brown strip-like kernel of swollen parenchyma. This kernel is 
surrounded by a broad, clear zone (i) which consists of radially arranged 
rows of very thin-walled, nearly empty cells, often containing air. 

Toward the outside, this zone adjoins a tissue ring (kk) of plate-like 
cells, rich in cyptoplasm, the walls of which give a cellulose reaction. These 
cells gradually pass over into the normal bark parenchyma (rp) with its 
large lumina. The resin duets (g) lying outside the trace of lightning but 
pretty near to it, are, as a rule, uninjured; the living cells at times projecting 
into the resin ducts are light-walled. This vesicular outpushing of the lin- 
ing cells is a normal phenomenon; for in branches of healthy spruce in 
winter, resin canals are often found completely filled by tylose-like enlarge- 
ments of the lining cells. Resin ducts also occur isolated in the immediate 
proximity of a trace of lightning in which the cells filling them are changed 
to brown, swollen, resinous masses. 

The dead tissue kernel in the centre of the lightning trace consists fre- 
quently only of dead bark parenchyma. Often, however, it can be noticed 
that sorae^bast groups {h') have participated in this. The fact should be 
emphasized, that the dead parenchyma cells are often entirely collapsed and 
dried. In my opinion, the production of the light colored circular zones, 
composed of thin-walled cells with broad lumina which are found to be actual 
cork cells and constitute the difference from the frost wound, is due to the 
drying up of the calls. 

I conceive of the production of this difference in the two forms of 
wounds as follows : The electric spark causes a rapid drying out of the 
dead tissue. Since this, like frost, does not cause any slowly spreading, 
subsequent death of the adjoining tissue, vigorous cells, capable of reacting, 
directly bound the dead tissue centres. A reaction to the wound stimulus 
sets in at once if the vegetative activity makes itself felt in the bark. The 
parenchyma around the dead tissue responds to the wound stimulus by cell 
elongation and increase. The cell groups dried by lightning, allow the sur- 
rounding cells to elongate greatly. The more rapidly the process takes place, 
the more material is used up. If this is not present in sufficient amounts 
only a formation of cork will take place and thus the fact is explained that 
after the electrical discharge the bark parenchyma surrounding the drie^ 
tissue must elongate and divide to fill out the large spaces ; then there is a 
formation of cork. 

When frost kills an area of tissue, lying in the bark parenchyma, at first 
no drying of the tissue takes place. The dead, swollen cells retain their 
size, and are still turgid. Also the pressure of the dying frost-injured tissue 
on the healthy surrounding tissue is not essentially increased. The sur- 
rounding cells have no incentive whatever to the great elongation and 
division which were necessary in the drying out of the lightning traces. 
Therefore, there will appear around the dead centre of the frost wound the 




Pig. 102. Spruce, showing traces of artlAclat lightning. (Orig.) 
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new structure, produced as a result of the wound stimulus and in the form 
of a circuJar zone of scantier and*snialler cells. The plastic food niaterial, 
flowing toward these spots, cannot be longer used for cell increase, since the 
need has been met. It will therefore be laid down in the form of reserve 
substances. Hence the noticeable accumulation of starch directly about 
the frost wound. 

As a positive result of the investigation, it should be cited that in coni- 
fers a definite difference exists between artifically produced, eye-like wounds 
due to lightning and to frost. In wounds due to lightning the dead bark 
tissue dries rapidly and is then surrounded by a porous layer of cork which 
forms a light colored outer ring. In frost wounds, the dead c^ls in the 
interior of the bark parenchyma at first retain their foriiier ^ize. They are 
enclosed by a circular zone of newly formed cells ; these do not develop a 
porous layer of cork, but rather form a slender parenchyma zone, with nar- 
row lumina, which usually is richer in reserve substances than the normal 
bark parenchyma. This zone, in a wound due to lightning, is formed next 
to the cork zone. 

These statements are corroborated by von Tubeuf’s observation on the 
differences between wounds due to lightning and to frost. In injuries 
caused by, lightning the ring of dead bark radiates into the healthy tissue in 
constantly widening bands, while similar phenomena in the injuries due to 
frost have not been observed in conifers up to the present. 

In regard to the theory of the action of lightning, the present observa- 
tions on the structure determine that the electric spark primarily produces 
a drying of the tissue. 

Injuries to Trees in Cities aIid Towns. 

With the increased use of electricity in cities, there is a serious menace 
which must be mentioned. Stone’s investigations' show that the alter- 
nating and the direct currents cause injuries by local burning. In dry 
weather, this is less to be feared, but becomes essentially greater when the 
bark is damp. The direct currents used by street car lines come under 
especial consideration here. Besides killing this tissue, the weaker currents 
also stimulate action. Both conditions should be closely examined. Dis- 
charges into the earth during thunder storms are more frequent, according 
to Stone’s observations, than is usually supposed and they explain many 
injuries in the trees, which often are also mistreated by the inconsiderate 
cutting out of the branches in order to isolate the wires. 

Effect of Spray Lightning on Grapevines. 

Among Calladon’s' numerous observations on the action of lightning, 
the statement is found that in a vineyard, the upper surface of the soil which 
had been struck by lightning presented a regular, sharply defined circle, the 

1 stone, G. B., Injuries to Shade Trees from Electricity. Hatch Exper. Stat 
Massachusetts Agric. Coll. Bull. 91. Amherst, 1903. , 

2 Colladon, Daniel, Effects de la foudre sur les arbres et les plantes ligneual*. 
MOnt. de la soc. de phys. et d'hlstoire nat. de Geneve 1872, p, 648-63. 
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centre showing the strongest action. The vine leaves showed a number of 
spots, which at first appeared dark gr&n and after several days turned 
brick red. In the younger sappy sterns, especially the cambium had turned 
brown, while the wood was uninjured. In the injured tissues, the cell walls 
remain unchanged, but the protoplasm was contracted and killed. Rathay* 
has described the same observation of the distribution of the effect of light- 
ning on numerous individuals and, after mentioning earlier cases, also refers 
to the fact that the same phenomenon of the spreading out of the lightning 
is observed in sheep herds, where likewise several individuals were always 
hit. 

I.ike Colladoh, Rathay also observed that the leaves became red in 
varieties which showed a red autumnal coloring. All the ends of the 
branches died back. The process of the red coloration in leaves has already 
been determined by Wiesner and by me as a result of ringing and bending 
experiments. Rathay supplemented this by observing that the reddened 
leaves transpired much less than normally green ones. Leaves reddened 
after having been struck by the lightning, resembled, in all particulars as yet 
tested, those which turned red from ringing the branches and actually the 
injury from lightning resembled in many points mechanical girdling, since 
here the bark lying outside the cambium was killed. “The cambium of the 
parts struck by lightning remains alive and develops inside the dead tissue, 
toward the outside, a callus surrounded by wound cork and, toward the 
inside, a woodring which is separated from the older wood by a thin brown 
layer.” The grapes on the vine struck by lightning dried up absolutely. 

We find in a work by Ravaz and Bonnet" different points of importance, 
showing parallelism between the effect of lightning on grapevines and on 
conifers. After calling attention to the fact that a place struck by lightning 
which was planted with 50 to too vines, showed that the strongest plants 
were much injured, it should be emphasized that, after beirig struck by 
lightning on the 20th of May, the tips of the shoots turned down toward the 
ground and dried up. 1 he nodes remained green for some time, while the 
intemodes looked almost scalded. The phenomenon of disease gradually 
decreased toward the bottom. Below' the dried tips, the pith was tom in 
the injured young shoots and pressed against the woodring. The roots 
remained uninjured. Some weeks after having been struck, the injured 
intemodes appeared a reddish brown, shrivelled and cracked longitudinally. 
The tears showed a scar tissue. The intermediary nodes were strikingly 
swollen. Where the tips had not been struck, the branches grew further, 
but had veiy short intemodes. The young wood tissue appeared brown 
and Its cells empty and with unthickened walls. The Injured parts of the 
bark were enclosed by cork so as to form island-like structures (compare 
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Fig. 102). The cambium formed first an irregular tissue, which gradually 
passed over into normal wood (compare Fig. 99). 

From these statements we arrive at the conclusion that lightning (like 
frost) also causes considerable injury by mechanical action and, in fact, ,as 
a result of sudden excessive differences in tension. The trunk reacts in a 
different degree according to its age when injured by lightning. Where the 
bark is not injured to its whole extent, the dead places are surrounded by a 
cork layer. If the young wood is not entirely killed but only compressed 
or torn, a parenchyma wood develops later, which slowly passes over into 
normal wood, so that false annual rings can be produced. All phenomena 
spread out gradually from the base of the trunk; that is, they finally 
disappear. 

It is a matter of course that micro-organisms infest all wounds due to 
lightning and it is easily comprehensible that these cases have been described 
as parasitic diseases. An example is offered by “Gelivure” of the grape 
which has been described as bacteriosis, but, according to Ravaz and Bonnet, 
is nothing less than a wound caused by lightning and, infested by bacteria’. 

Spray Lightning on Fields and Meadows. 

Steglich^ observed one July a potato field which had been struck by 
lightning. The lightning hit in two places and the plants became yellow 
and died ; the stems seemed cracked open and perforated so that the waljs 
of the wound appeared tom. 

V. Scelhorst” describes injuries to beets from lightning. In one case 
the place struck formed a circle about 15 m. in diameter. In the middle of 
the circle the beets were all killed. The leaves on the plants near the peri- 
phery were wilted and discolored. Often individual specimens slightly in- 
jured, stood between plants greatly injured. At times small cavities were' 
noticeable in the beet, especially in the head. In other cases, practical 
workers speak of discoloration and weakening of the heads of the beets and 
similar phenomena; nevertheless, secondary parasitic influence may have 
made itself felt here. Colladon* also makes a report of a beet field struck 
by lightning. The leaves of injured plants were colored red, shrivelled or 
tom in places and the edges partially dried. In one potato field the ma- 
jority of the plants in the u|)thrown soil were found to be healthy; only in 
one place did the base of the potato stem seem tom and burned. In the 
place stmek by lightning on a meadow, with a diameter of 6 m., the highest 
thistle tips were killed, while the lower parts and the grass remained healthy, 
although here and there the earth was found to have been tom up. 

To explain the circumstance that the condition of individuals hit on 
similarly planted bits of land always varies, Rathay cites photographs of 

i Rava*, L, et Bonnet, A„ Les effeta de la loudre et la gelivure. Compt. rend. 
190t, I, p. so's. 
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* L,po. cit, p. 655. 
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lightning showing that it usually is not a simple discharge between two 
points, but is scattered and ends in tAany points. In addition to this, it 
should be emphasized that when grapevines are trained on wires, these 
spread the injurious effect over a greater area. 

V. Bezold’s* statements that, according to the statistics of the Fire In- 
surance Company in Bavaria, the danger from lightning had increased three- 
fold between 1833 and 1882, are especially significant. The exte4sive 
removal of forests and marsh drainage and the rapid increase of rails and 
electric wire conductors are supposed to play a part in this. 

Disadvantagks in Electro-Culture. 

The attempts to use electricity directly in plant cultivation have fol- 
lowed three lines. In the first place, it was desired to increase the assimi- 
latory activity by illuminating with electric light ; in the second place; it has 
been attempted to let an electric current jiass through the earth by sinking 
two metal discs in the soil connected with some source of current; in the 
third place, an attempt was made to cause the current to pass directly 
through the plant (or tree). 

As yet the results have been very contradictory, so that no decision 
has been reached. Great hope is set often on the influence of a silent elec- 
tric discharge. This takes place when, for example, a net of wires is laid 
over a field without touching the soil and one pole of an electrifying machine 
is connected with the wire and the other with the soil. In such cases the 
plants act as conductors and through them, by means of the silent electric 
discharge, the electricity will stream out from the tip of the cultivated 
plants. Such a current must actually take place consdantly in nature, since 
the soil exhibits an electric charge differing from that in the layers of air 
lying above it. The best known experiments are those of Lemstrom' and 
Pringsheim’. Older works on experiments, in which the electrical current 
is conducted through the soil, had been collected and enlarged by Wollny*. 

The results of Pringsheim’s experiments, in which the electricity was 
produced by a static electric machine, sound extremely favorable, since in 
potatoes, sugar beets, beans and strawberries a quantitatively and quali- 
tatively better yield is obtained. Since, however, many unfavorable experi- 
ences exist, this fiejd, for the present, should not be considered any further, 
as it is not sufficiently cleared up. However, Lowenherz’® work must be 
mentioned because it has been carried through with s*entific exactness and 
opens up new points of view. * 
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The experiments were made with Chevalier harley ; a direct current of 
electricity was used which was conducted through the soil. The grains 
were very carefully sown, so that in half the experimental pots the seeds lay 
with their long axes parallel to the direction of the current, thus being 
traversed longitudinally by the current, while in the other pots, the grains 
were laid at right angles to the direction of the current. It was thus found 
that the different position of the grain in relation to the direction of the 
current resulted in a very unexpectedly great difference in the effect of the 
electricity. 

With the strength of current used (0.015 to 0.030 amperes) an injury 
in the process of germination was universally noticeable, but it c'oulS always 
be recognized that the grains, which were traversed longitudinally, geirmin- 
ated less well than those through which the stream passed crosswise; yet in 
the first named series, a difference was perceptible in the grains lying 
parallel with the direction of the current, inasmuch as those developed the 
most poorly in which the positive stream entered at the tip of the grain and 
ieft at the end where the embryo lies. If the direction of the current was 
reversed two or three times within the 24 hours, no difference in the results 
could be praffuced, but, if the current was changed two times per minute, 
such a difference became clearly evident. The grains laid perpendicular to 
the direction of the current sprouted just as well as seed not electrically 
treated. In those traversed longitudinally by electricity, the disadvantage 
manifested itself noticeably only in the fact that the grains germinated 
12 to 24 hours later. This experiment, which deserves consideration, shows 
clearly that varied conditions must be taken into consideration in cultivation 
with electricity 

Supplementarily, the endeavor to treat electrically the roots and older 
wood of grapevines by currents of high voltage should be considered here*. 
At the request of the Imperial Agricultural Association at Moscow, experi- 
ments were introduced, incited by reports of combatting Phylloxera by elec- 
tric currents, in which experimental cases, containing roots and cuttings, 
were exposed for 10 minutes to an electrical discharge. Some roots were 
then treated with a spark discharge. It was found that currents of high 
voltage caused an earlier and more favorable development of the vines. 
Roots, however, which had been treated directly by being connected with 
the machine “texhibited injuries, for the upper parts did not sprout. Sprouts 
appeared only on the subsoil nodes. 

• From a review of the "Weinlaube’’ 1904, No. 34; cit. CcntralW, fiir Agri- 
kulturchemle 1905, p. 394, 



CHAPTER XL 
LACK OF HEAT. 


A General Survey. 


Life Phenomena at Low Temperature.?. 

Tlie plant is much more dependent on the temperature of the air than 
on the temperature of the soil. Before the soil can follow the fluctuations 
m the warmth of the air, this has already awakened plant life and at times 
brought It to considerable development. The individual parts of the plant 
naturally do not respond to the fluctuations in the temperature equally 
quickly, W hile the warmth of leaves and thin stems, in the shortest possible 
ime increases or decreases, parallel with the temperature of the air, thick 
ranks will need considerably longer time, more particularly since all plant 

dent that thick trunks are sometimes warmer than the surrounding air 
ome imes coo er, and, in fact, are on an average cooler than the air in the 

£ the!^ar"T" "f the plants which extend 

the air are also cooler m the daytime. The cooling down of the leaves 

tace of the part in proportion to its bulk. Evaporation should also be 
that on brivht nlli ri 1 'he phenomenon 

such as meadow grass, than iI*^fo i' 7'" 
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parts of the plants mav be mnl^KT t'’««2'ng point of water, the 
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1 Lehrluch III, p. 535, 
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way. The stone pine (Pinus Pinea) requires at least 7 degrees C. In 
Potamogeton, the breaking down of carbon dioxid is found first between 
10 to 15 degrees C. ; on the other hand, in Vallisneria even above 6 degrees C., 
and in the leaves of the larch at 0.5 to 2.5 degrees C, and in meadow grass 
at 1.5 to 3.5 degrees C. The movement of the leaves of the sensitive plant 
{Mimosa pudica) first occurs when the temperature of the surrounding air 
exceeds 15 degrees. 

The difference in the amount of heat required by different plants is 
shown best by the observations made on the germination of seeds in ice. 
Uloth^ found, for example, that seeds of wheat and maple (Acer plait^noides) 
germinated in ice and bored their way deep into the ice, which they melted 
by the heat developed during germination. The fine lateral roots of the 
wheat had traversed ice pieces one-eighth of a meter in thickness. Later 
experiments^ showed the same observer that several of the Cruciferae 
(Lapidium ruderale and L. sativum, Sinapis alba and Brassica Napus), oats, 
barley and rye, as well as other grasses, had germinated in large percentages. 
In barley and oats the percentage of germination, however, was noticeably 
less than in wheat and rye. Of the Papilionaceae, 80 per cent, of the peas 
had germinated in the ice-cellar and 12 per cent, of the lentils ; 60 per cent, 
of sown parsley seeds showed germination. Incited by these observations, 
Haberlandt’ later undertook further experiments with sowing the common 
agricultural seeds in cases which were kept constantly at a temperature of 
zero degrees to i degree C. by means of ice. After a month and a half, rye, 
hemp (Camelina sativa), red clover, alfalfa, vetches, peas, and bastard 
clover showed the beginnings of germination. After four months, how- 
ever, a further development of the little roots could be proved only for 
mustard, camelina (or gold of pleasure), bastard clover, red clover and 
alfalfa, while wheat, barley, oats, ray grass, buckwheat, beets, rape, poppy, 
white clover, beans, etc., did not reach germination. Of all the plants, 
alfalfa had strikingly proved most favorable. 

These results, in regard to grain varieties, stand in very marked con- 
tradiction to Uloth’s conclusions and also to the results of experiments 
which' Hellriegel* has published. Of all the plants tested, winter rye was 
proved decidedly to require the least heat. With an almost constant tem- 
perature of o degrees C. (within the six weeks period of the experiments 
the temperature only a few times slightly exceeded this, reaching i degree 
C.), this plant devejoped its leaf and root apparatus perfectly normally. 
Winter wheat was proved to need somewhat more heat because of the small 
size of its germinating plants, and, agreeing with Uloth s results, to a still 
greater degree, barley and oats, which at o degrees C., only slightly devel- 
oped their rootlets, while unable to force the leaf cone out of the grain. At 

I Ftlhlinx’s Neue landwlrtsch. Z. 1871, p. 875. 

« WlMeSaftt^praktlsctie Unlersuchungen aut d. Geblete d. Pflanzenbaues. 

zu® den naturwissenschaftl. Grundlagen dee Ackerbaues. Braun- 
schw^ig, Vieweg 1883, p. 284-304. 



500 


2 degrees C., howevei^s^ie elongation was quite perfect. Maize had not 
changed at 5 degrees €, 1^1 even at 8.7 degrees C. germinated very slowly 
and imperfectly. Vetches and r^)e seed had germinated at o degrees and 
exhibited a development of the ffcd leaves worth mentioning, while peas in 
greater numbers, and lupins and beans in smaller amounts, had elongated 
the root body, to be sure, but had not developed the aerial axillary part. Of 
seeds which had germinated at 2 degrees C., flax was more sensitive than 
rape seed, which germinated at approximately o degrees, but did not advance 
ot gTowftt worth mentiomng until given a noticeably 
higher (empenture (S.^ degrees C / Fe^s and clover were found to stand 
next to vetches. They put forth a root and leaf at an average temperature 
of 2 degrees C., while beans and lupins needed at least 3 degrees C. for this. 
.Asparagus developed slowly at 2 degrees C. For the carrot, approxi- 
mately 3 degrees seemed to be necessary for germination, and for the beet 
root about 5 degrees C, was needed. 

It is not necessary to state here in detail that naturally the length of 
time of germination increases in proportion to the amount of temperature 
variation from the optimum of germination, but attention might be called 
to the fact that such germination experiments with the lowest possible tem- 
perature could lead to the growing pf varieties hardy to frost. In all the 
seeding experiments uneven germination is found. It may be possible that 
those seeds which have first germinated at such low temperatures give plants 
which have a lesser need of heat for all their life processes than do other 
individuals of the same groups. 

Kirchner's experiments' show that not only the initial stages of ger- 
mination can take place normally at such low temperatures but also that a 
further growth in length is made possible. Kirchner found mustard, ly'e, 
wheat, peas and hemp growing, as seedlings, for some time at temperatures 
which lay but little above o degrees C. To be sure, plants with a greater 
need of heat still show some growth in length when carried over into a low 
temperature ; hut this growth can be explained only as the gradual dying 
out of the oscillations of the energy of growth obtained under earlier, more 
favorable conditions. 

Kemer* has observed with Alpine plants that they can even blossom at 
o degrees. The melting water trickling into the soil from the snow fields 
is able so to stimulate the life activity of such plants that the heat produced 
by their respiration is able to melt the ice crust when, it is even 2 to 5 cm. 
thick, so that the green organs reach the open air (Soldanello). 


Autumn Cowration. 

■ .( V 

The coloring of the leaves in the autumn is not always the same f6r the 
same variety. It seems that the difference is caused by the habitat of the 
individual. In general two types can be distinguished; either a perfectly 


2 Naturforscher u. Arzte zu Salzburg, p. 75 d. Beriohtes. 

15. Ma? 1873 cit bSu z!" 



normal process of yellowing is found, beginning fhs edge of the leaf, and 
followed by the drying of the tissue, toward the* centre of the leaf, or the 
yellowing and drying do not follow paral^ but rather opposite pathf, i. e., 
the process of turning yellow begins at the petioles and the larger veins and 
advances toward the periphery, so that the edge is colored last of all, while, 
nevertheless, the first to dry subsequently. I observed the last course espe- 
cially well in Acer platanoides, less constantly in Acer Pseudoplhianus. The 
middle surface showed an uniform brilliant quince yellow, while the peri- 
pheral zone was still green. With advanced lowering of the iemperahire, 
many /eaves showed a turning brown and dying of the outermost edgt of the 
still green part of the leaf periphery, while tlie yellow, middle field did not 
yet show any dead places in the tissue. 

This case can also occur with Tilia, and in fact usually on one side, 
since only half of the leaf shows the process. Nevertheless in the linden, 
the coloration, advancing, from the edge toward the centre, is more frequent. 
The investigations of numerous cases show that the irregularities of color- 
ation are connected with the irregular dying of the vascular bundles. 

The normal autqlysis in the autumn sets in when the whole vascular 
bundle system of the roots has still retained its functioning and the dying 
back only begins at the finest ends of* the nerves at the edge of the leaf. 
Then the leaf discolors and dries first along the edge ; the discoloration ad- 
vances gradually in the portions of the leaf between the smaller veins and 
finally also between the larger ones toward the midrib and the petiole. If, 
on the other hand, the functioning of the ducts is prematurely destroyed in 
the branch or in the petioles, which can be perceived from the browning of 
the vascular bundles, then the discoloration begins at the petiole, or the 
larger veins, and extends irregularly toward the periphery. 

The course of the dying back, due to continued summer drought, re- 
sembles the normal autumnal autolysis, inasmuch as the parts of the leaf 
receiving the least amount of water are the first to discolor. Besides the 
drying of the leaf edges, however, that of the middle region of the larger 
intercostal fields becomes more noticeable here, because these lie fartherest 
from the strongly developed conducting strands; thus especially great de- 
mands are made upon them because of excess of light and heat. 

The autumn coloring begins with a change of the chlorophyll often 
accompanied by the appearance of a red coloring matter. At first a change 
in the position of the chloroplasts is noticed, and a tendency to unite. I 
found in the spruce that the individual chloroplasts form radiating processes 
which unite with those of the adjacent ones. The red coloration is condi- 
tioned by the present* ^f ferments and related bodies. Many evergreen 
plants turn a dirty brownish green. According to Kraus' this coloring is 
produced as follows: fine grained protoplasmic masses, colored a bright 
reddish green to copper red, occur in the palisade parenchyma in place of 

1' Saus, ttber die winterliche Farbung immergrOncr Gewachse. Sitzungsber. 
d. pliy»lnea. Soc. Erlangen; clt in Oekonomlsche Porstcbrlttc 1872, Nos. 1 u. 2. 
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the disappearing chloroplasts. The further the cells of the leaf flesh are 
separated from the brown upper surface, the more transitions are noticed 
from these reddened cytoplasmic masses to the normal chloroplasts. 

All these changed tissues may, in many cases, be brought back to the 
normal color, if cut branches are brought into a warm place. In this, how- 
ever, the intensity of the light is not increased, and this may explain why 
only a lowering of the temperature should, in general, be considered as the 
cause of the autumn coloring. A further proof lies in the fact that in the 
autumn natural ripening only the ripened places, i. e-, the places most cooled 
down by heat radiation, change their color, while the parts inside the top of 
the tree and covered by the outer leaves, show no change. 

In regard to the change in the coloring matter of the chlorophyll, it has 
been proved by Frank’ and Wicsner^ that the chlorophyll passes over into a 
substance which Pringsheim called “Hypocklorin"^. This is an oily body, 
usually dark colored, which is produced from chloroplasts by the action of 
anorganic and organic acids and hnally crystallizes into needles or whip-like 
brown crystals. Tschirch* has proved that this hypochlorin is identical with 
the “Chlorophyllan” of.Hoppe-Seyler and that it should be considered as the 
first product of the oxidation of the chlorophyll (and in fact of only one 
part of the raw chlorophyll, viz., the cyanophyll of G. Kraus). This product 
is formed of itself if a chlorophyll solution is left standing for some time’. 

Tschirch found that the formation of chlorophyllan or hypochloyin, 
increasing according to the amount of acid, could be proved (tytrimetri- 
cally, by means of normal alkali) in the parts of the plants. Besides water 
plants, there may be only a few plants, the cell sap of which does not have 
a marked acid reaction. In genera which contain little acid, the formation 
of the chlorophyllan will be small and the extract made from this will have 
to stand some time, while in strongly acid plants (Aescuhis, Rumex) the 
oxidation proceeds so fast of itself that no purely green extract can be made, 
since it at once exhibits the peculiarities of the modified chlorophyll and, 
even when chilled, deposits chlorophyllan. 

It is worth mentioning, for our consideration, that according to Tschirch 
even carbon dioxid is able to change the chlorophyll into chlorophyllan. 
Also the tannic substances with which the red coloring matter is certainly 
related, will have to be reckoned among those bodies with an acid reaction 
which attack the chloroplasts. It is thus a question whence it comes that 
this discoloring influence of the acid cell sap makes itself felt in the chloro- 
plasts only in the autumn. This can be explained either because in the course 
of the summer so little free acid is available in proportion to the rest of the 

1 Sltzungsber. d. Bot. Ver. d. Prov. Brandenburg XXIII, v. 24. Feb. 1882. 

2 Bemerk. iiber d. Natur d. Hypochlorlna. Bot. Centralbl. 1882, Vol. X, p. 260. 

3 Unterauchungen Ober Lichtwirkung. Pringsheima Jahrbtlcher 1880, Vol. XII. 

4 Sitzungaber. d. Bot. Ver. d. Prov. Brandenburg XXIII, v. 28. April 1882. 

5 Concentrated hydrochloric acid breaks down the chlorophyllan Into a body 
dissolving in hydrochloric acid with a blue color, the "Phyllocyanin" of the authors, 
and a brown body insoluble in hydrochloric acid, but soluble in ether, the “Xanthln’’ 
of C. Kraus. (Tschirch, Untersuchungen Uber das Chlorophyll HI. Ber. d. deutscben 
Bot. Oes. Vol. I, Parts 3 and 4; clt. Centralbl. 1883, Vol. XIV, No. 26, p. 266;# 



substances in the leaf cell that the fhlorophyll us&i in the formation of the 
chlorophyllan is constantly and quickly replaced by the preponderant process 
of assimilation, in which case usually no yellow cploration of the chlorophyll 
body is noticeable, or the chlorophyll body may be protected by a substance 
which does not let the acid tlirough, gradually losing this protection in the 
autumn. However, both processes might take pace and, according to the 
above experiments, this is most probable. 

, Frank and Wiesner refer to the actual presencei of an arrangement, in 
the chloroplasts which protects them against the attacks of the acid cell sap. 
They emphasize that the green grains lie imbedded in protoplasm jvhich is 
impervious to acids. Tschirch has also mentioned that each chlorophyll 
grain is surrounded by a colorless cytoplasmic membrane (hyaloplasma- 
layer) which is especially easily proved in water plants, and in this way 
possesses a special protection against the acid cell sap. 

As the leaf cell approaches the end of its life in the autumn the proto- 
plasm is no longer very abundantly present. But even where it is still more 
abundant, it undergoes, in the cold of the autumn, a change (which may be 
overcome by heat), making it permeable to acids. Frank found that the 
yellow coloration, produced by the action of acid on the chloroplasts, had 
already occurred when they, together with the nucleus, lay closely imbedded 
in the cytoplasmic wall layer. Such a change in the diosmotic character- 
istics of the protoplasm of evergreen trees also makes possible the action of 
acids. The organic acids increase, however, in the autumnal leaf in this 
way, making easier leaf coloration. 

In regard to the red coloration, C. Kraus' has proved that the Brenz- 
catechin (orthodihydroxbenzine) first found by Gorup-Besanez'^ in wood- 
bine occurs in all leaves which change color in the autumn even (so far as 
the partial investigation extended) in all leaves still grpwing vigorously. 
This substance turns green with ferric chlorid and a beautiful red with vege- 
table acids. The extracts of the leaves give the reactions of oxyphen acid, 
on which account the conclusion is pertinent that the red coloring matter in 
the young leaves and in those which have changed color in the autumn 
comes from the increased effect of the Brenz catechin, due to the increased 
action of the acid. 

Summarizing all that has been said previously we can consider the 
process of the autumnal change of color os a process of oxidation, increased 
tn proportion to the process of assimilation and due to the effect of light. 

This acts very differently on the substances present in the cells of the 
various plants, so that the chlorophyllan is produced from the chlorophyll 
coloring matter and the leaf becomes yellow." If the Brenz catechin, 
which may be produced artificially from carbo-hydrates and probably is 


1 tJber die Herbstlilrbung der Blatter undvdle Bildung der Pflanzensiluren. 

Bledermanns Centmlbl. 1874, I, p. 126. nr i ^t-vt t> «♦ <> a •> 

i Annalen der Chemle und Pharraacie 1872, Vol. CI^I. Parts 2 and 3. « 

* The chlorophyllan extraction of leaves dead in the autumn sho^ 

'*bande8 accidentelles permanentea” as Chantard emphaaized earlier (Centralbl, f. 
Agiikmlturchemic 1874, p. 40). 
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present in opalescing drops, is changed ^to a red coloring matter by means 
of an autumnal abundant formation of acid, a reddening and yellowing of 
the leaves follow. The leaf turns brown, however, if on the other hand, 
there predominates the formation of brownish yellow masses observed by G. 
Kraus’ and Haberlandt- with the destruction of the form of chloroplasts, 
which masses C. Kraus considered as the products of oxidation and humi- 
faction of the carbo-hydrates and which, as I believe, can directly arise from 
the decomposition of the chloroplasts. 

The most frequent, but certainly not the only cause of the red color- 
ation, i^the lowering of the temperature, whereby the action of the light 
becomes relatively excessive. It is not the absolute values of light and heat 
which are determinative here, but the relative ones, i. e., those coming under 
consideration in relation to one another. A lowering of the temperature 
reduces the process of chlorophyll formation, while it sustains in full activ- 
ity that of oxidation, which, forming Brenz catechin, requires more light*, 
and initiates the red coloration. If the activity of the chlorophyll apparatus 
is increased, i. e., more carbo-hydrates are formed, the accessible oxygen is 
no longer sufficient for so high a degree of oxidation and the process of red 
coloration is suppressed. If, however, the work of the chloropyll is arti- 
ficially retarded by a lack of nutriment and moisture, then the oxygen acces- 
sible in the cell can suffice to reoxydize to a high degree the material which 
has become more scanty; in this case the autumn color occurs even in 
summer. 

As has been mentioned already, I observed in August, with girdling 
experiments on Crataegus, that the autumn coloring occurred even during 
the intense heat of summer and that at times it was possible with somewhat 
more solid leaves to bring the tip of the leaf w'hich had been left on the; tree 
to a bright red autumn change of color by breaking the midrib while the leaf 
base, lying below the sharp point of breaking, retained its normal deep green 
color. Besides this, in the course of the summer, we find, in many plants, 
that the first formed leaves of the annual growth, which have quickly lived 
out their life, assume their autumnal coloration in the heat of summer 
(Ampelopsis). Places on young red leaves, which have been covered, 
remain greener. We will take up these conditions again under “Defoliation 
due to frost.” The winter preparation of evergreen plants will be taken up 
thoroughly in the section on "Theories as to the Nature of Frost Action.” 

Frosting and Frekzinc to Death. 

In the literature on this subject, we find different conceptions of the 
term " freezing to death." Death which gradually sets in in a plant because 
it has not obtained tbe warmth necessary for carrying through its normal 
functions has been explained in part as freezing. On the other hand, only 

1 dkonom. Fortschritte 1872. Nos. 1 and 2. 

2 Bledermanns Centralbl. 1876. 11. p. 48. 

9 Batalin, t^ber die Elnwtrkung dee Lichtes auf die Blldungr des roten Piff- 
mentes. Acta Hort. Petrop. VI. 
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the death which occurs suddenly a result of a* lowering of temperature 
below the minimum boundary of heat requirement and which is connected, 
as a rule, with the formation of ice, may be considered as “freezing to 
death.” 

We can best overcome this difference in the use of the terms if we 
consider the first injury, due to a lack of heat, as a “chronic injury” and 
sudden death as an "acute injury.” 

Tender plants from the tropics, which in our greenhouses do not con- 
tinuously find the heat necessary for all their developmental phases, often 
furnish examples of chronic injury. Failures in the culture of Indian 
varieties of Anoectochilus and other tender-leafed orchids. Begonias, Ges- 
neraceae, Marantaceae, etc., are well known. I found their leaves becom- 
ing brown-specked, curling and dying if exposed for some time to a tem- 
perature of 3 degrees above zero to 5 degrees below zero'. In wet, cold 
years, open ground culture of melons, cucumbers, tobacco and beans became 
diseased when the lack of heat was prolonged. 

In acute injury, one is inclined involuntarily to ascribe it to the forma- 
tion of ice. That this in itself does not cause death is shown in many cases 
by our hardy plants, which often are frozen stiff and as brittle as glass and 
yet continue their growth after the frost has disappeared. 

Let us picture to ourselves the effect of the formation of ice in the 
tissue. If the temperature of the part of the plant has fallen to the freezing 
point or somewhat below it, small ice crystals are formed on the outside of 
the cell wall. These crystals, produced at first from the absorption water 
and later from the imbibition water of the cell wall, become constantly 
larger, since, at their base, more and more water from the mycellar inter- 
stices of the cell wall is changed to ice. Finally, all the fine ice prisms are 
united into an ice crust. The cell wall has attempted to make up for the 
loss of water which it has undergone by taking up new amounts from the 
cell contents. 

Thus the protoplasmic body of the cell becomes poor in water, and 
material changes begin, which finally reach such an intensity that the 
equilibrium of the different mycellae of the cell wall and of the proto- 
plasm is permanently disturbed. They change in such a way that no more 
life activity is possible. The cell, killed by frost, thus shows that its walls 
offered no resistance to the pressure of the cell sap, gradually letting it flow 
away. In direct contact with the air, this passes over into decomposition 
and the cdl itself collapses. The frozen' part of the plant appears wilted 
and dried, or rapidly decays. The cell sap, passing out of it,— this initiates 
the decay,— presses through the mycellar interstices and not through any 
breaks in the cell wall which might have been produced by frost. Indeed in 
a frozen part of the plant the tissue can be blasted by the ice in different 




groups and, as frequently observed, the/:ells of the epidermis can be raised 
from the underlying parenchyma, while a rupturing of the individual cells, 
due to the freezing of the water, has as yet been rarely observed. There- 
fore, the theory formerly generally expressed and now frequently held by 
practical growers, that the frost kills the plants by rupturing the cells, has 
been given up as untenable. 

In the same plant the same degree of cold can be uninjurious at one 
time and fatal at another, according to whether theming takes place gradu- 
ally or suddenly. This latter case may be observed if frozen leaves or 
herbacefus stems of soft-leaved plants are held in the warm hand. The 
places of contact frequently become black after thawing and die. We will 
return to these phenomena in the following. 

Rapid and violent changes in temperature within a scale above zero 
degrees C. also did not remain ineffective. Sachs' has proved that each 
rapidly appearing rise or fall of temperature is followed by an increase or 
decrease of the rate of growth. While de Vries could observe no disad- 
vantageous results from such fluctuations, I found a dropping of the leaves 
in the most extreme cases, especially if the fluctuations took place in a scale 
which began several degrees under zero and rose considerably above zero. 
The same plants in fact die if a change of temperature is repeated several 
times within a short period, as shown by Gdppert’s experiments". Milk- 
weed (Euphorbia Lathyris) was taken from a temperature of 4 degrees C. 
below zero into a room at 18 degrees C. The leaves, bent backward and 
against the stem, because of frost, were raised at once and assumed their 
normal horizontal position. The same process was found in a repetition of 
the experiments, which took place five times within two days. On the third 
day the raising of the leaves began to be less and after eight days the plants 
were dead. Here, therefore, the cause of death was the repeated action of 
slighter degrees of frost, while out of doors, and uncovered, they could 
eindure 10 to 12 degrees below zero for some time without bad effects. The 
same experiments gave similar results with many other plants. This ex- 
plains the observation in general practice that slighter degrees of cold in 
many places kill plants which, at the same time, in a place with more con- 
stant temperature, can endure much greater cold. 

Gdppert also calls attention to another fact which may serve to explain 
the frequent contradictions in regard to the fatal action of slighter degrees 
of frost in those plants which usually defy greater cold. It depends espe- 
cially upon the conditions under \Yhich the plant may find itself at the time, 
as shown by the experiment with the common groundsel (Senecio vulgaris) 
and meadow grass (Poa annua). Pots of these plants, which had already 
withstood a temperature of 9 degrees below zero, were placed for 15 days in 
a greenhouse at 12 to 18 degrees C. above zero. After this time they froze at 
a temperature of 7 degrees below zero, while other examples of the same 


1 l.ehrbuch d. Bot, 3d ed., p. 638. 

2 tfber die WarmeentwIcklunK In den Fflanzen new. 1830, p. 63. 



varieties, which had remained ouf of doors during this time, wege found 
absolutely uninjured by rapid thawing. The killed plants had been made 
more tender by the retention in the greenhouse. Komicke' also comes to 
the same conclusion in his observations that French varieties of grain, on 
an average, more often fall victim to frost than the varieties which originate 
from the provinces of Prussia and Silesia. The longer cultivation in a 
country with a mild winter has made the varieties less resistant. 

Under otherwise equal conditions, Haberlandt- found that the seed- 
lings of field beans, field vetches, carrots, barley, peas, rape, poppy, red 
clover, alfalfa and flax, grown in a greenhouse at 20 to 24 degree%C., were 
frozen to death even at 6 degrees C. below zero; rye and wheat at 10 to 12 
degrees below zero, while plants of the same variety, grown at the same time 
in a cold frame, died only at 9 to 12 degrees below zero, and rye and wheat 
only at 20 to 24 degrees C. below zero. 

The plants and parts of plants whose growth has entered upon a dor- 
mant period, on an average, suffer less and it is well known that dried seeds 
survive uninjured many degrees below freezing, while they go to pieces in 
a germinating stage with much slighter frost. 

During the vegetative development the susceptibility to frost changes 
with the different phases of the cell life. 

In unfolding apple blossom buds, which had suffered from a spring 
frost, I found the youngest cells, richest in protoplasm, were not injured, 
but those somewhat older, in an energetic stage of elongation, had turned 
brown, while the still older parenchyma cells in turn seemed healthy. 

The cases, cited up to the present, show clearly the difficulty in giving 
definite thermometer degrees as fixed minimum and maximum boundaries 
for the developmental capacity of any species. Each plant is certainly con- 
nected with a definite scale of heat, but the boundary and optimum values 
may change, to a certain extent, according to the combination of the remain- 
ing vegetative factors, momentarily present, which earlier contributed to 
the construction of the individual. 

On the other hand, it must be maintained that in spite of all the vege- 
tative conditions, which increase susceptibility to frost, many plants (espe- 
cially numerous algae, mosses and Alpine plants) never show any damage 
from frost. We will have to explain this phenomenon by the fact that the 
need of heat of such plants is so small that the greatest reduction in tem- 
perature is generally insufficient to produce those molecular changes in 
the tissues which would prevent a reassumption of the normal life functions. 

Theostes as to the Nature of Frost Action. 

After discussing the circumstances which modify the freezing of plant 
parts, we will consider the theories which have been formed as to the nature 
of frost action. 

1 Annalen d. Landw.; eit. in Neue landw. Zeltung y. Ptthling 1871, Pan 8, 

^ Haberlandt, fiber die WiderstandsKhigRelt verachledener Saaten. Wlasensch. 
^raktisch. Unterauchungen, Vol I. 



In this, the phenomena of crippling, due to chronic action of cold, no 
longer come under consideration ; for these phenomena are primarily normal 
functions which are only retarded gradually by a lack of heat until life 
becomes extinct'. The matter is quite different in the acute cases where 
death follows immediately upon the cold. 

In the acute frost phenomena, the formation of ice becomes a consider- 
able factor. This does not occur, however, at the point where pure water 
freezes but only below o degrees C., because the cell sap represents a salt 
solution. Besides this, observations, of which those of Miiller-Thurgau' 
especially should be cited, show that ice is produced only after the freezing 
point has been exceeded to a certain degree, either to an excessive chilling or 
supercooling. As an example of how often the supercooling point lies 
considerably below the freezing point, a few statements of the above named 
investigators may serve as examples. 

In grapes, the freezing point (G) was found to be at 3.1 degrees C. 
below zero, the supercooling point (U) at 6.7 to 7.8 degrees C. below zero; 
in apples and pears, 1.4 to j.9 degrees C. below zero (G) and 2.1 to S'l 
degrees C. below zero (U) ; in potatoes i.o to 1.6 degrees C. below zero (G) 
and 2,8 to 5.6 degrees C. below zero (U), etc. 

The formation of ice occurs suddenly; therefore, in cases where some 
supercooling has taken place, there follows a sudden change in temperature. 
Our hardy plants, which can still grow unimpaired after they have beeome 
brittle with ice, show that the formation of ice is fatal only for certain 
varieties. In other cases, however, it has been observed that parts of plants, 
under certain conditions, can be cooled down to a still lower temperature 
and remain alive, while, with lesser cold, but different conditions, they are 
frozen as soon as the formation of ice has taken place. 

This formation of ice, the process of which we have already described 
thoroughly, is now ascribed by Miiller-Thurgau' and Molisch* to' such a 
withdrawal of water from the cell, that the cell dies on this account. Ac- 
cording to this, death from frost would be a simple process of drying up. 
The investigators support their theory by the physical process, that, in 
freezing swollen colloidal substances, pure w’ater will be crystallized out, 
and the colloidal substance, thus gradually drying, becomes stiff. 

In contrast to the above theory, is the one we hold, that death from frost 
is no specific process of drying but should be sought in a molecular irre- 
parable destruction of the protoplasmic structure. This destruction is 
expressed mechanically a% well as chemically. The destructive tempera- 
ture is specific for each variety, each individual, each part of the plant and 
each method of growth of any plant part, but is not directly connected with 

r Compare Kunlsch, H., fiber die tdtlicbe Wlrkuna nlederer Temperaturen auf 
die Fflauzen. Inaugur^dleeertatlon. Breslau 188(>. — ■ Sachs, Landw. Versuchs- 
statlonen 1860, p. 166, 

s landwirtschattl. Jahrbllcher 1886, p. 480, 

« ■Loc. clt, . 684. 

* Uollsche, fiber das Erfrleren der PSanzen. Jena 1887. 
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the fonnation of ice, as was evident in the numbet of plants which, without 
injury, endure the fonnation of ice in their tissues. These plants are called 
“resistent to ice" and they freeze only if the parts, which have been frozen 
stiff, are cooled down below this specific minintunt. 

This specific minimum is not fixed but rises with the amount of cell sap, 
i. e., death from cold occurs at a higher temperature and, conversely, a loss 
of water will cause an increase in resistance to all factors’ and therefore, 
with frost, will cause death only at a lower temperature. 

Mez' adds to these the following observations : Any aqueous solution 
of a substance must be cooled down below the freezing point l>f water 
before ice can be crystallized out. In dilute solutions, as they exist under 
normal circumstances in cell sap, the lowering of the freezing point is pro- 
portionate to the molecular concentration (Raoult’s law*). Dalton’s law in 
regard to the solution of osmotic substances which contain several sub- 
stances in solution, holds good here. According to it, the amount that the 
freezing point is lowered equals the sum of those amounts which each sub- 
stance would produce of itself. 

Since now each cell in the same plant may have a content gradually 
differing from that of the other cells, the point of minimum cooling of the 
cell sap will be a constantly changing one. Since the composition of the cell 
sap within the latitude of the specific limits of alt varieties of plants fluctu- 
ates according to the nutrition, it is easy to understand that the various 
individuals possess a different resistance. This also explains the different 
behavior of dry and juicy parts of plants. The fact that in seeds, which 
may be dried, death can result also from a removal of water is explained by 
Muller and Molisch by the assumption that it takes place because of the 
sudden formation of ice in the supercooled plant, whereby the water is very 
rapidly removed. Pfeffer’ opposes this hypothesis and his book contains 
a thorough treatment of the pertinent literature. Mez’s studies, already 
mentioned, support Pfeffer, for his investigations led to the following 
results. The fall in temperature, indicating the end of crystallization, did 
not lie, in any of the objects tested, below 6 degrees C. below zero. (The 
experimeots were made with petioles of Helleborus, Saxifraga and Strelitzia, 
with leaves of Sempervivum and sprouts of Opuntia, Asparagus, Begonia, 
Peperomia, etc.) . 

"But the cell sap, capable of coagulation and not absorbed, stiffens be- 
tween 0 and 6 degrees C. below zero. .Accordingly, at 30 degrees C. below 
zero, no greater drying of the protoplasm, resulting from the removal of 
water in the formation of ice, takes place than a'i 6 degrees C. below zero. 
A plant which always survives the formation of ice in its tissues, does not 


1 Pfeffer, Pflanzenptiysiologie, 24 ed.. p. 315, ^e. 

* Mex, Carl, Neue Untereuchungen Uber das Erfricren elebeatandlger Pflanzen. 

Send. Flora Oder Allgem. Bot. Z. 1906, Vol. 94, Part I. . ^ 

i • Raoult'e law; clt. Nerst, Thcoretische Chemle, 4th ed. 1903, p. 152. 

‘ See the chapter on “Die TTrsachen dee Erfrlerena" la “Pflaasenphyelologle," 
n. Vol, 1904, p. 814. 



die, therefore, as a result of the dying.pf the protoplasts, but of a cooling 
down below the specific minimum.” 

We find in this a confirmation of our earlier standpoint, viz., no simple 
process of crystallizing out the water is caused by the action of the cold but 
a material disassociation. . This action of the cold makes the life functions 
impossible. Besides these essentially mechanical processes, however, chem- 
ical decomposition often plays a part. This will be initiated sometimes by 
too great cooling, sometimes without it. Not every plant needs to be first 
cooled down in order to freeze, but it probably freezes more rapidly, i. e., 
is cooled down to a sub-minimum temperature, if the freezing occurs in 
association with supercooling. At least this is shown by Mez’s experi- 
ments with pieces from the stem of Impaticns parviflora. We learn from 
these experiments how very' much the supercooling depends upon the con- 
stitution of the cell sap. Gases, dissolved air, hinder or decrease Super- 
cooling just as do emulsified oil, gum or plant mucilage. It is also found 
that pruned plant parts, cooled down in water, always freeze without any 
further reduction of temperature or, at least, without an essential one. It 
happens that plant stems, standing partially in water, are found to be frozen 
as far back as they extend into the air. Molisch tested the question experi- 
mentally by letting branches of Tradescantia zebrina lie half in water. 
During the night a temperature of 5 degrees C. below zero acted upon them. 
After a slow thawing in a cool room, the half of the sprouts which had been 
left in the air were found to be frozen, while the lower half, sticking in the 
ice, remained uninjured. The upper half, surrounded by air, will have 
been cooled down rapidly by supercooling and is thereby frozen. On the 
other hand, as far as the plants stood in water, the cooling down takes place 
slowly on account of the high specific warmth of the water, and the super- 
cooling will be hindered by the freezing water about the stem as well as by 
the ice in the tissues above the water, which have been frozen. 

An observation made by Muller-Thurgau, that in a heap of beets, the 
outer frozen roots protect the inner ones from freezing, calls attention to 
the specially favorable influence of the formation of ice. This point is 
emphasized by Mez, since he says in general that the transformation of the 
cell sap into a solid aggregate condition forthwith protects from too rapid 
radiation the energy still retained in the plant. The conducting of heat is 
very much lower»in ice than in water in which the warmth is distributed by 
currents. 

The danger of freezing, i. e., the lowering of the temperature to the 
specific death-dealing rniiimum, can in part be promoted by secondary cir- 
cumstances and in part hindered by them. The decrease lies in the use of 
the specific heat of water ; this will be mentioned again in methods of pro- 
tection against frost and further in the formation of ice itself, which occurs 
at zero, or a very little below it, while death sets in only at lower tempera- 
tures or finally in a change of the cell sap, since a greater quantity of oil, 
gum and mucilage acts retardingly. 
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The increase of the danger of freezing to death exists in all conditions 
which hasten the appearance of a fatal supercooling. 

Thus, for example, the anatomical structure of the individual, depend- 
ing upon the vigor of nutrition, can influence this. In very luxuriant 
growth, the lumina of the cells and ducts are wider and the intercellular 
spaces larger. However, the wider the duct, the more the lowering of the 
freezing point is suppressed by capillarity. We find this fact emphasized 
by Bruijning'. He found that the extract of Taxus leaves, in narrow 
capillary tubes, has a freezing point of 8.8 degrees C. below zero, while the 
same extract in open reagent glasses freezes at 1.3 degrees below zefo. 

Besides the greater amount of water in the tissues, the constitution of 
the air (amount of humidity contained) and its movement come under con- 
sideration. In the later connection, attention should be called to the wide- 
spread discovery that, in protected positions (in narrow valleys, fields sur- 
rounded by woods, etc.) plants freeze which would remain uninjured in 
regions accessible to the wind. 

In order to explain this circumstance, wo will have to recall the fact 
that air in motion increases evaporation and thus concentrates the cell sap. 
With stronger evaporation the formation of ice will occur more quickly, 
whereby supercooling will be avoided, and, at the same time, protection 
of the remaining heat in the tissue will be brought about. • 

In its prevention of supercooling by the superimposed ice, may be 
found the advantage of the “open furrow” for winter grain; it retains 
snow much longer. 

Fog will also act as a protection. We find a recent example of this in 
the observations made by Thomas^ who, in Thuringia, found that the foli- 
‘ age of young beeches, on the heights covered with fogs was uninjured, 
while in the valleys it was brown and wilted as a result of frost. In this 
case, an evident boundary line could be found. In mountain forests, the 
covering of clouds is a protection against frost which one should not 
underestimate. 

We will now turn once again to the fact that in many cases a rapid 
thawing of frozen plant parts can bring about death, while a slow warming 
does not kill. The correctness of this assertion is often contested. If it is 
given as an universal rule, it seems inconclusive; but if it is limited to cer- 
tain cases, it certainly is of value. An older and very instructive example 
is given by Karsten®. A large shipment of tree ferns (Balantium) had to 
withstand 20 degrees below zero enroute. Some of the plants, when they 
arrived, were put, in a still frozen condition, int«a warm place and were 
killed, while almost all of those first thawed in cold water and then taken 


1 S’ S’ 7.iir Kenntnls der Ursache dcs Frostschaden. Sond. 

WoUn^r^ralhurgen auf dem Geblete d. Agrikulturphys. 1896; clt. CentralbL t. 

&hart" Horizontal^^^ der Frostwirkung an Buchen. ThOr- 
inger MowtoWatter 1904 Temperaturanderung usw. Bot. 


Z. 1861, No. 40. 
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into a cold place, remained alive.. From this, it is evident that the rapid 
thawing, and not the frost is the cause ot death. 

Miiller-Thurgau has stated of ripe fruit and Molisch of the feaf of 
Agava americana, that these objects can he kept alive after moderate freez- 
ing, if tfiawed very slowly, but that they die when thawed rapidly. 

I pressed the surfaces of the frozen leaves of herbaceous Cinerarias 
between my finger tips. The plants, left in their places of growth, showed, 
after thawing, that only the places pressed with the fingers were killed. 
According to the discoveries of gardeners, it is only the tender-leaved, jufcy 
spring d)lossoming plants, grown in greenhouses ( Cinerarias, herbaceous 
Calceolarias, etc.), which, after a night of freezing, can be rescued by the 
longest possible retardation of the thawing. 

In plants perfectly resistant to ice, however, the rate of freezing and 
thawing seems to have but little influence on life. 

In explanation of the matter, two points should be taken into consid- 
eration. First, in rapid thawing, the same processes will be enacted which 
occur, for example, in the evaporation of fluid carbon dioxid whereby the 
formation of solid carbon dioxid takes place, as is well known. In rapid 
thawing, the warmth necessary for melting will be removed, not only from 
the surrounding air, but also from the deeper layers of this part of the plant, 
which are thereby cooled down still more. In such plants in which the 
critical point, i. e., the .specific minimum, lies close below the freezing point, 
this removal of heat, increased by rapid thawing, can cause death. 

The second point to be taken into consideration is that the cell wall, 
from which ice has been crystallized, cannot possibly soak up the great 
amounts of water which are produced suddenly by rapid thawing. Th^ 
water remains in the intercellular spaces and evaporates there while the cell 
of the leaf is not able to regain the necessary turgid condition. From this 
•comes the gardening method of protecting from the rising sun all plants 
which have suffered from late frosts. ' 

Let us consider finally the natural processes of the autumnal changes 
of material from the standpoint of Mez’s theory as here discussed. When 
the plants prepare for winter, they collect the greatest possible amounts of 
reserve substances and reach the maximum at different times, according ^o 
their individuality. In Pinus austriaca, for example, Leclerc du Sablon’ 
found this maximum in May, but in the spindle tree (F.vonymous Euro- 
peus), which sends out its shoots earlier,’ he found it in March; in decidu- 
ous trees the maximum is reached in the fall. In evergreen, plants, the 
reserve carbo-hydrates remain abundant in the leaves*. Their activity 
seems reduced to a minimum, since their stomata are closed permanently. 

1 Leclerc du Sablon, ttber die Reservekchlehydrate der Bdume mlt ausdauem- 

den Bl&ttem. Compt. rend. 1906. p. 1608; clt Centralbl. f. Agrtculturchraiie 1906, 
p. 322. — Fabrlcius, L.. IJntersucbunsen Uber StH.rke- und Fettgehalt der Fi^te 
usw. Naturwiss. Z. t. Land- u., Forstwirtschaft 1905, p. 137. * 

2 SimoQ, I>er Bau dee Holzkbrpers sommer- und wintergrtiner Gew&chse ubw. 

Ber d. D. Bot. Gee. 1902, p. 2|9. • • 
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Thtse reserve substances are protected so far as is possible against frost. 
Part of the starch wanders into the protected central portion of the trunk 
and branches (pith, medullary rays and parenchyma wood), and part is 
transyerted into sugar or occurs instead as a fatty oil. In the needles of 
Alpine spruces, the substance of the chloroplasts is found to flow <fway and 
the cell content in winter forms a homogeneous cytoplasmic mass with 
abundant oil drops. Lidforss’ has proved this transformation for all the 
gjeen cells of evergreen plants ; in the spring the starch is reformed. 

This removal of solid bodies from the cell with the appearance of 
winter takes place, according to Mez, as an advantageous arranglment in 
plants resistant to freezing. He calls the fluid substances "thermally active" 
for, in crystallization, they set free heat. The solid elements, on the other 
hand, follow retardingly the temperature of the fluids ; they are “thermally 
pa'ssive” and absorb heat, since, with the formation of ice, the change of 
temperature from the point of supercooling towards zero, they must again 
give up this heat relatively rapidly. This circumstance acts in such a way 
that, with the accumulation of solid bodies in the cell, the melting point 
of the cell sap cannot be reached after supercooling has taken place. A 
great number of thermally passive elements consequently form a menace 
for the plant, while the fluid, thermally active bodies are proved advan- 
tageous as producers of heat. Prdfiting by the experiments of A. Fischer', 
we will distinguish between oil trees and starch trees, according to whether 
they change their starch into oil or let it pass into the interior of their trunks 
and branches and convert it into sugar in the bark. The fatty oil of oil 
trees (conifers, birches), which w'e have learned to recognize from Jonescu 
as a protection against lightning, besides this peculiarity of preventing 
supercooling, like sugar, is thermally active, i. e., stores up heat to bfe given 
out in crystallization. The trees which transform all their starch into oil, 
conifers, may be fitted to survive a higher degree of cold than those in which 
a part of the starch is left free and becomes sugar only in the bark (the ma- 
jority of deciduous trees). This circumstance surely explains the phe- 
nomenon that conifers and birches extend farther up into cold regions. 

Disturb.vnce due to Chilling. 


Cases occur in potted plants in greenhouses, in which the plants suffer 
when carried from one house to another, in case they are thus exposed to a 
temperature below zero degrees at times for ohly a few minutes. Practical 
gardeners maintain that the plantij have "taken cold.’ 

Moebius' has studied this statement very recently, and has been able to 
confirm the above assertion. For example, he took a Begonia metaUica 
from a warm house, kept it one or two minutes out of doors in a tempera- 
ture of 5 degrees C. below zero and then put it again in its former place. 


l Udforss. Zur Physlologie und Blologle dec wintergrOnen Flora. Bot 
« Mftbius. M.. Die Erkaitung der Pflanzen, Ber. d. D. Bot. Ges. 1907, Vol. XXV 


Z, p. 67. 
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Even the same day, he noticed newly produced brown spots on some of the 
older leaves. Later these leaves got a “glassy, dark appearance, hung 
down and dried up." The young leaves did not suffer. The same kind 
of discoloration and wilting phenomena were observed in other similar 
experiments and are in all essentials the characteristics which have been 
given by practical growers as a result of taking cold. Moebiiis emphasized 
that no formation of ice in the tissues can be concerned here. I can bring 
proof of this in an experiment which I made with Begonia argyrosliijma. 
A pot of this plant was taken from a warm house and put out of doors 
after ths temperature had risen to 0.5 degrees C. Within a short time, I 
saw glassy spots appear on some leaves. 

According to the experimental results given in different places in the 
present chapter, I perceive in the wilting and glassiness of different leaves, 
with sharp falls in temperature the results of sudden differences in tension 
in the tissue. 'The contraction of the cells as a result of the excessive cool- 
ing will cause, in places, an outpressing of water into the intercellular spaces. 
Besides this, the difference in the different tissue forms united in the leaf 
organ makes itself felt. We will refer in this connection to the subsequent 
section on frost blisters where various elevations of the epidermis and loos- 
enings of the tissue are described. ■ “ „ 

The practical grower at any rate should keep in mind the fact that, in 
transporting plants from warm houses, there is a possibility of taking cold, 
even if plants are exposed only a few minutes to a freezing temperature. 
Since a sharp change of temperature should be avoided, the wrapping of the 
pots with cloth or paper must be recommended for all cases. 

B. SPECIAL INSTANCES OF FROST ACTION. 

Tur.xing Sweet of Potatoes. 

In the well-known phenomenon, that potatoes turn sweet when sub- 
jected to slight degrees of frost, Gdppcrt' and Einhof“ had noticed that in- 
dividual differences make themselves felt. Under the same conditions only 
part of the tubers turned sweet and remained soft, while the others became 
hard. If the potatoes were brought quickly into considerable cold (about 
10 degrees) they were frozen, as a whole, without showing any formation of 
sugar. The turning sweet could not be observed except at temperatures 
which lay only a little below the freezing point. Muller-Thurgau found 
that this change set in only in potatoes which had been taken from the soil 
at least a month earlier. It could not be produced in freshly harvested 
tubers. Probably similar phenomena led Payen^ to the conclusion that even 
before the action of the frost, the tubers, which showed the formation of 
sugar, might have started to grow again, 

1 TVamieentwickluns:, p. 38. 

2 Neues allgem. Journ. f. Chemie, Berlin 1805, p. 473. . 

* Cr. Czapek, Fr-, Biochemlc Uer Pflanzeen. Flecher, Jena, Part 1, p. 871. Here 
also notes on older literature. 



The fact, established by Einhoff and Goppert, that potatoes freeze with 
greater degrees of cold without becoming sweet and that those which have 
become sweet remain soft, is explained simply by Miiller-Thurgau’s' experi- 
ments. He found that the potato tuber freezes only at 3 degrees C. below 
zero. To be sure, its real freezing point lies possibly about i degree below 
zero, but the cell juices must first be cooled down to 2 to 3 degrees below 
freezing, i. e., be supercooled,” before the first ice crystals can be formed 
between the cells. Naturally, a lowering of the temperature from zero to 2 
degrees below zero retards many life processes. Among these are two which 
come especially under consideration here; viz., the transversion of tile starch 
into sugar and the utilization of the sugar. It may be assumed that the 
sugar from the protoplasm of the cell is partly used in respiration, partly 
during the period of growth in the regeneration of the cytoplasm and the 
starch reversion. Mtiller-Tliurgau- found, in fact, that potatoes which had 
become sweet after having been kept at a temperature of 20 to 30 degree C. 
had increased their starch content at the expense of the sugar. This had 
disappeared ; with a lowering of the temperature to 0 degrees and 2 degrees 
below zero, the process of respiration (and most probably also that of the 
regeneration of the protoplasm) decreases, while the transversion of the 
starch into .sugar docs not fall off so guickly. Consequently, the sugar 
accumulates in the tuber and becomes noticeable in the flavor. It amounts 
to about 2,5 per cent, of the fresh substance, yet comparatively wide fluctu- 
ations are found in different individuals of the same variety. A higher 
water content in the tubers favors the turning sweet. This increase of sugar 
corresponds to the loss of starch yet, according to Czuhata’s* analyses, no 
corresponding proportion can be proved in the two processes. According to 
Czubata, a part of the protein passes over from the insoluble into the soluble 
condition during freezing. Muller assumes that the ferment here concerned 
increases with the lower temperature. 

If potatoes which have become sweet are left for some days in a room 
with a temperature of more than 10 degrees, respiration increases and the 
sugar is oxidized, i. e., the potatoes lose their sweetness and in this way 
again become usable for cooking. Other proposed means, as, for example, 
the leaching of the tubers with water, did not lead to any results. Besides 
this, howqver, it should be emphasized that one need not hesitate to use 
potatoes for seed which have become sweet. Such potatoes freeze only 
with a greater degree of cold than non-sweet tubersA 

I should like to add here supplementarily a statement made to me 
verbally that in Reinerz a cellar is said to exist in a cave in which potatoes 
become sweet even without the action of frost. This phenomenon is 

* Milller-Thurgau, Eln Beltrag zor Kenntnis dea Stoltwechsela in stilrkehal- 
tigen Pfianzenorganen. Botanisches Centralbl. I8S2, No. 6. 

* laindwirtscli. Jahrb. 1883, p. 807. 

» Czubata, Die cheinlschen Verandeningen der Kartonee bclm Prieren und 
Panlen. Oetec.-Ungar Brennerei-Zeitung 1879; cit. in Biedermanns Centralbl. 
1880, 1, p. 472. 

* Milller-Thurgau, Landwirtsch. Jahrb. 1883, p. 826. 



ascribed to a strong exhalation of carbod dioxid. I have not been able to 
prove experimentally an increase of sugar in the tubers, by a two days’ 
retention in a carbon dioxid atmosphere. Nevertheless, it might be possible 
that some effect would be noticeable after a longer time. The statement 
gains probability from a work by Bachet' and Savelle, according to which, 
by the use of carbon dioxid with a somewhat higher temperature and greater 
pressure, starch flour was rapidly turned into dextrine and grape sugar, espe- 
cially if the process of saccharification was facilitated by the addition of 
gluten. It can be assumed that, because of an abundant supply of carbon 
dioxid in the above mentioned case from Reinerz, natural respiration is 
repressed just as by a lower temperature and the process of sugar formation 
which, according to Muller, can be- proved up to a temperature of lo 
degrees has caused its slow accumulation. The production of saccharose 
during germination after an increase of temperature is proved by Mar- 
cacci s" experiments with slices of potato which had been dried in the sun 
and in an oven. In the sprouting tubers, saccharose is found in the young 
shoots and later in the leaves (probably due to the hydration of starch). 

It is evident from the above that the methods of using these potatoes, 
which in outward appearance are rarely distinguishable from healthy, non- 
sweet tubers, can in no way be applicable for frozen ones, i. e., those turned 
to ice. A tuber which has been frozen hard is dead and, in thawing, at 
once falls victim to a high degree of decomposition. It becomes soft and 
gives off water, while the cut surface turns brown at once, if not immedi- 
ately coated with acid. The skin separates quickly from the flesh, like a 
bladder, with a development of gas. The bark cells beneath the cork layer 
break apart because of the dissolution of the intercellular substance. The 
cytoplasm is brown and granular and drawn back from the cell wall; the 
protein crystalls are dark brown ; the cell sap is strongly acid. 


The Runnm.ng to Seed of Beets. 


By this name are characterized those specimens of sugar beets and fod- 
der beets which set seed even in the first summer. In some years the phenom- 
enon occurs very frequently and di.sturbs the harvesting and use of the beet 
since the root is woodier than in the two-year-old beets. Opinions differ 
as to the cause of the phenomenon. They take two different points of view; 
some make the constitution of the seed responsible for this, others, the 
atmospheric conditions and especially spring frosts. In consideration of 
the fact that actually in years when late frosts have attacked the young beet 
plants, unusually many may be found which have run to seed and, sup- 
ported by Aderhold's experiments with kohlrabi, to be mentioned later, we 
will give here the present cultural retrogression. 

From the abundant literature on sugar beets we will cite only one work, 
since it reports recent scientific investigations and makes brief references 


1 After Compt. rend 187S; clt. In Bledermnnns Centralbl. 1879, p. 544. 

2 Marcaccl, A., Sul prodotti della traneformaztone dell’ amide, clt. Bet Jahreeb, 
1891, 1, p. 47. 



to the older experiences. AndrliWnd Mysik', on the ground of numerous 
analyses, have come to the conclusion that the weight of the seed-bearing 
tuber may sometimes be less than that of the normal tuber, at other times 
greater. The root of the seed-bearing tuber is poorer in potassium, phos- 
phoric acid and sulfuric acid as well as ammonium nitrate and amido- 
nitrogen. The sap is purer. Of the organic substances formed by the 
seed-bearing beet, the sugar content amounted to only 45 to 50 per cent. ; 
in the normal heet 54 lo 69 per cent. “The greater part of the organic sub- 
stance, free from sugar, is in the pith, i. e., in the elements forming the solid ' 
skeleton of the plant. * * * _" "Tfiie pjjij formation probat)ly takes 
place at the expense of the sugar.” 

We perceive that the beet plant has changed its inbred method of 
growth. Instead of storing, in the first year, only reserve substances in 
the root and making use of them in the following year for the formation of 
seed, it at once makes furthci use of the organic substances gained by the 
leaf apparatus. 

This circumstance points to the fact that the normal process In the cul- 
tivated beet, the uninterrupted formation of new leaves, has undergone 
some disturbance. The growth has ceased for some time, rather the beet 
has passed through a dormant period which would correspond to the winter 
rest of a normally ripened tuber. The newly mobilized reserve material 
is used here for the production of the inflorescence, just as in the normal 
case, after the arrestment of growth. It is conceivable that the late frosts 
may call forth such an arrestment. They will incite a greater formation of 
seed stems, the later in the year they occur and the more the subsequent 
weather favors inflorescence formation, ,If. however, the weather, follow- 
ing the frosty night, is especially favorable for the development of foliage, 
the elongation of the axis, already begun, can stop and the development of 
the root advance. In large sugar beet fields, as a rule, such seed-bearing 
beets and similar transitional forms are found. This inclination to the set- 
ting of seed can certainly be hereditary in the seed, possibly can be prepared 
in the seed of normal beets, if not sufficiently matured, i. e., for example, if 
harvested before it is ripe. 

Aderhold- has furnished exirerimental proof of the formation of seed- 
bearing roots in Kohlrabi, as a result of frost action. He brought seedlings 
in pots into a freezing chamber for 8 to to hours and then placed them out 
with others which had been exposed to frost. In one experiment, he ob- 
tained, for example, two seed-bearing roots from [8 untreated plants, while 
from the same number of specimens which, for 10 hours in May, had been 
, exposed to a temperature of 2 to 6.5 degrees C. below zero, he had 7 seed- 
bearing plants. In both cases some Kohlrabi plants later overcame the 
impetus of frost action and formed a root body. 

1 SohossrUbe und normale Rttbe. Blatter f. d. ZuckerrUbenbau 1905, No. 24, 

*\^‘xderhold, R, tJber das Sohieasen des Kohlrabis. Mitt. d. K. Blolog. Anst, 1905, 
No. a, p. 16. 
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It is well known that, in some yeals, such premature development of 
inflorescences occurs often in other plants, which form fleshy, storage 
organs (celery, carrots, radishes). It is very probable that not only frost 
action but also other processes of arrestment are effective here. 

Frosty Taste in Grapes. 

The processes which occur in the turning sweet of potatoes take place 
also in woody plants. In this connection, Pfeffer’ mentions Fischer’s inves- 
tigations( on the fluctuations between the starch and sugar in the so-called 
starch trees, such as the linden and birch". When branches are taken in 
winter from out of doors into a warm room, starch is formed in the bark 
parenchyma, within a few hours, and, in the cold, can again pass over into 
sugar. A similar formation of sugar, connected with the decrease of 
organic acids, is found to occur in grapes after the action of frost. 

Even when the main stem of immature clusters had been attacked by 
frost but was still green and the berries clear, a considerable decrease of acid 
and increase of the sugar content was found'*. An investigation on Riesling 
grapes of the decrease of acids in a plant which had been exposed from 
October 19 to November 9 to a temperature as low as 5 degrees C. proved 
an acid reduction of 4 per cent. Half ripe clusters, greatly injured by frost 
when cut off, showed from October i to it, an acid loss of 4.5 per cent. 

The frosty taste, however, does not seem to be due alone to the increase 
of sugar and decrease of acid, but material compounds may perhaps diffuse 
from the stems of the grapes which the protoplasm of cells would not have 
let pass through, if there had been no frost action. Through these changes, 
the susceptibility of the grapes to the fungus of white rot may be increased, 
since Viala and Pacottet" have shown that this fungus is able to infest only 
the berries which have a high sugar and a smaller acid content. The be- 
havior of black rot is exactly the reverse. 

Chances in the Blossom Organs. 

In the action of frost, the jiermanent processes are sometimes chemical, 
sometimes mechanical. In the former it is difficult to decide in how far they 
are initiated by the freezing, or if they begin only with thawing. Thus for 
example, Gbppert" has observed in the blossoms of Phajus and Calanthe 
that they turned blue when frozen. This change in color is explained by 
the fact that, through the action of the frost, the indicans, which is abun- 
dant in the normally colorless cells, especially around the vascular bundles, 

1 Physiologle, 2d edition, I, p. 614. 

2 Jahrb. f. d. wiaa. Hot. 18dl, v. XXII. 

8 Cber die Periodlzltat der Starkezu- und abnahme in den Baumen. Compare 
Mer, E. in Bot. Jahreab. 1891, I, p. 46. 

* Bledeimanns Centralbl, 1879, I. p. 233. 

s Viala, P. et Pacottet, Sur la culture du black-rot. Compt. rend. 1904, 
CXXXVIII. p. 806. 

t!ber Ein'wirkung dee Froetes auf die Gew&chse.i Sitzungsber. d. Schles. 
Gee. f. vaterl. Kultur 1874, clt. Bot. Zeit. 18?5, p. 609. 
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is oxydized to indigo. Prillieux* Mates tliat this change appears first with 
thawing. Other statements on the behavior of the coloring matter in blos- 
soms vary as greatly and it can only be said in general that the red coloring 
matter is one of the most resistant; in fact, according to GdpperP, who has 
collected many observations on the color phenomena produced by frost, it 
can be increased in the leaves and blossoms with slight frost action. 

Most frequent, and therefore most important, are the disturbanees in 
the blossoms of our fruit trees due to frost. For all practical purposes, the 
way the process of discoloration takes its course is immaterial. Scien- 
tifically, however, it may be of interest to become more exactly acquainted 
with the frost action. But since it is impossible to determine in natural 
spring frosts what are the first effects and what the subsequent changes, I i 
have subjected apple blossoms to artificial frost. 

After a blossoming apple branch had been exposed for 2 hours to a 
temperature of 4 degree C. below zero, the investigation, carried on imme- 
diately after the removal of the freezing cylinder, showed that all the petals, 
and also some places in the leaves, had taken on a glassy consistency. 

Even after a few' minutes (the air temperature was ii degrees C.) 
a flabbiness and a turning brown began in the parts which had become 
glassy. The brown discoloration of the leaves, therefore, is not the direct 
effect of the cold but a phenomenon making itself felt first with thawing. 
The petals, with the natural reddish tinges on the under side, had brown 
veins and were spotted. The edges began at once to collapse and dry up. A 
cross-section showed that the discoloration was due less to the turning brown 
of the cell walls than to that of the cell content, since these excreted reddish 
yellow to brownish yellow solid masses deposited usually in the longitudinal 
axis of the cells and resembling carotin. The different cell layers of the 
petals behaved differently. The excreted yellow masses could be proved to 
be especially abundant beneath the colorless epidermis which had remained 
at its natural height. Besides this, the parenchyma cells which accompany 
the vascular bundles of the fine veins showed these excretions especially 
distinctly. This latter circumstance caused the venation of the fine petals 
to appear strikingly brown to the naked eye. With the rapidly advancing 
process of drying^ the cells of the mesophyll collapsed, while the cells of the 
epidermis retained their natural size. 

Fig. 103 shows a part of a petal soon after it had been removed from 
the freezing cylinder. It shows the leaf still in its natural dimensions, with 
the large intercellular spaces {/) between the very thin walled cells of the 
flesh and with the unchanged epidermis (e). The discoloration, due to the 
yellow'ish brown contracted mass of the cell content (fi), is most intense 
near the vascular bundles (3) and in fact especially so on the under side of 
the leaf. In the vascular bundle the narrow spiral ducts have turned brown. 


1 Bot Zelt 1871 No. 24.-Bull. Ue la Soc. Dot de_France_1872, p. 1B2. 

! KmilMh, H. Cber die tadllcbe WIrkung nlederer Temperaturen auf die 
PSanzen. Inaiigruraldissertation. p. 2S. Breslau ISS«. 
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The browning process took a differint course in the stamens. After 
they had been taken out of the freezing cylinder they remained apparently 
unchanged, while the petals had already begun to wilt. Only later did the 
stamens become yellowish brown and the anthers a pale yellow. A cross- 
section through the stamens showed that the brown coloration was essen- 
tially conditioned by the epidermis which is rich in contents. To be sure, 
in all the tissues, the cell contents seemed contracted into drops or lumps 
and were brown, but the amount of substances in the inner cells was so 
' scanty that the coloring of the whole tissue remained pale. The spiral ducts 
of the stamens, like those in the petals, had light brown walls. In the 
anthers,, the discoloration depended likewise on the amount of cell contents. 
These were most abundant in the connective tissue and this consequently 
seemed most deeply brown, while the epidermis in the anthers themselves 
and the underlying fibre cells, arranged like palisades, had only very scanty, 
solid masses of contents and, therefore, seemed almost colorless. The rem- 



Flg. 103. Cross-section of a petal ot the apple injured by artificial frost. 

nants of the ground tissue near the connective tissue were somewhat 
darker. 

The pistils showed the greatest injuries. They were a deep brown and 
bent when taken out of the freezing cylinder. At first no collapse of the 
tissue could be seen anywhere. The papillae of the stigma seemed stiff and 
filled with brown cytoplasmic contents. As in a fresh condition, they still 
held fast the somewhat swollen and, therefore, differently formed pollen 
grains, filled with cloudy, uniform contents. In the*pistil, as in the stamens, 
the peripheral layers were richest in content and, therefore, their contents 
and walls most deeply colored brown. 

Among the mechanical disturbances, tangential holes were observed 
here and there in the. tissue of the pistil as in that of the stamens. They 
were partly produced by .the loosening of the cells from one another, but 
also by the tearing of the cells themselves. The number and size of the 
holes in the tissue increased towards the bottom of the pubescent pistil, the 
hairs of which, poor in contents, showed a browning of the walls. Here' 
the tissue at the base of the pistil widened into five diverging, bluntly conical 
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parenchyma groups, arranged with their tips toward the centre, as the point 
of transit.on into the five carpels. Each of these displayed an epidermal 
covering and a parenchymatous inner flesh. In the cross-section shown 
in Fig. 104, through the receptacle of the apple we see that the future flesh 
is already traversed by numerous, regularly arranged vascular bundles (g). 
The receptacle, covered with a firm epidermis (c), extends, toward the inner 
side, into five anchor-like branches (a). These are the five ovaries into 
which the pistil has widened. On their reflexed edges, which in the cross- 
section look like the flukes of an anchor (r), the seed-primordia are formed 



Fig. 104. Cross-section through a “young receptacle of the apple Injured by frost. 


in the under part of the receptacle and get their nutrition through the vascu- 
lar bundles (ge). The seed cavities (sf) and the cavity left free in the 
centre (ft) because the edges of the ovaries have not united, are lined with 
regular epidermis (c). The cells of the epidermis of the axillary side (ftr), 
as also within the fruit cup, are found to be richest in contents and, there- 
fore, most deeply browned, while the central, at first meristematic part of 
each ovary is only slightly discolored. 

A splitting of the tissue manifesting itself in the appearance of tan- 
gential holes (/), due to the separation of the collenchymatous layers (c) 
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from the inner flesh of the fruit (mi) may be seen in the transitional zone 
from pistil to ovaries, even with a low magnification. It should be empha- 
sized that in this, as in the stamens, a tearing of the cells (a) actually takes 
place, while in the coarser tissues only the usual separation of the different 
cell layers is formed. These mechanical disturbances which, as we shall 
see later, are so important in the vegetative organs, have a lesser influence 

in the blossoming organs. The 
inflorescences die because of 
the chemical change in the 
cell contents and drop more 
quickly if the tissue splits at 
the same time. The experi- 
mental results correspond to 
the phenomena after natural 
spring frosts. 

The dependence of the 
susceptibility upon the consti- 
tution of the cell sap may be 
perceived from the adjoining 
illustration of a young apple 
blossom severely frosted (Fig. 
105). The shading, carried out 
only on one side in this and 
other drawings, holds good 
naturally for both halves. All 
the shaded parts indicate tis- 
sues with intercellular spaces, 
which clearly contain air. At 
r sugar may be proved by the 
giveerin reaction. The crosses 
indicate the regions where 
melabolism has already ad- 
.vanced so far that abundant 
calcium oxalate is deposited. 
The rings (/) are intended to 
indicate the different places 
turned brown by frost ; all the 
younger, inner parts, rich in 
cytoplasm, have remained 
healthy; the dark line is a vascular bundle. 

Here we should mention only supplementarily the fact that, besides the 
acute affects of cold already described, chronic disturbances in the life of 
the blossoms also occur which concern only the retarding of the normal life 
processes. The best known example might well be the suppression of the 
opening of the blossoms in Crocus vernus and Tulipa Gesneriana. Because 




of the low temperature, no sufficieMly strong growth of the inner side of 
the perianth leaves takes place, so that the bending out of these leaves and, 
therefore, blossoming is suppressed. The blossoms of Ornithogalum 
umbellatum, Colchicum autumnale, Adonis vernalis and others, react simi- 
larly but more weakly. The processes in Mimosa pudua, Oxalis acetosella, 
etc., prove that even green leaves act thermostatically because of the influ- 
ence of lower temperatures. Material on this subject may also he found in 
the later sections which treat of the mechanical effects of frost. 

The Rust Rinc..s in Fruit. 

The so-called rust rings appear as the result of slight injuries from 
frost in young fruits. By this are understood various formations of cork in 
the skin of the fruit, spreading, especially in the pomaceous fruits, in ring- 
like zones. In many varieties the appearance of cork-color etchings is a 
very normal process. Our Reinettes, for example, often possess star-like, 
small rusty spots. The so-called “netted Reinettes” have linear cork trac- 
ings on the outer skin of the fruit and often such cork formations obtain 
a surface-like extent, as, for example, in the French ReinetteS, Parker’s 
gray pippin, in the gray autumn butter pear, the medlar, etc. This condi- 
tion is morbid only when the phenomenon is very extensive in some years 
(for example, 1900) 011 many fruit varieties which otherwise remain smooth 
and when the formation of the cork covers the greater part of the fruit. 
The initial stages are found in early youth. It is evident after the appear- 
ance of very late May frosts that the contents of some groups of epidermal 
cells turn brown and the cells begin to die. Beneath such places plate cork 
is formed, and the dying epidermis becomes somewhat convex. During 
the swelling of the young, green fruit, the formation of cork advances 
further into the fruit flesh, producing considerable groups of parallel rows 
of cells arranged perpendicular to the upper surface. In a special case 
observed in “Amanli’s butter pear’’ these cells, arranged in rows, appeared 
to the same extent as those in the epidermal cells ; they were found actually 
suberized, however, only in the peripheral layers while the light-colored, 
thick walls of the more deeply lying cells gave a cellulose reaction. The 
greater the new formation, the more the overlying, dying cell layers are 
separated and the outer surface of the fruit becomes rough and scaly. 

In flask-shaped pears the pouchy part of the fruit, bearing the blossom 
end, often appears to have rusty grayish scales, while the half toward the 
stem is smooth and green. In other cases, a broad, cork-colored band is 
seen near the blossom end, etc. At times with this splitting of the waxy 
covering and dying of the epidermal cells is connected the development of 
the newly produced underlying tissue into stone cells. These appear later in 
circular aggregations on the outer surface of the fruit, so that the conditions 
are produced which we have described as "Lithiasis” (p, 170)- (“Diels 
butter pear,” “Good Louise of Avranches”) . Since such changes are usually 
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found on one side the growth of this •cork-color side, containing the stone 
cells, is often retarded, thus producing deformed fruit. 

After I had succeeded in causing a splitting of the cuticle in tough 
leavk by the action of artificial frost, I did not hesitate to trace the injuries 
in the wax coat of young fruit to frost action, more particularly the forma- 
tion of such “rust rings” as had been observed only in years with late frosts. 
The pears, which are susceptible to frost, suffer most abundantly and 
greatly, in fact usually on one side and at a certain height on the tree. 

T,he Behavior of Oi.der Foliaop. VV'ith Acute Frost Action, 

During frost, changes in the chlorophyll grains are noticeable inasmuch 
as they usually round up into lumps in the cells which have become poor in 
sap. A chemical change of the chlorophyll coloring matter, due to the frost 
alone, is not assumed by the majority of investigators, so far as found in 
statements concerning frozen chlorophyll solutions. Wiesner found' no 
difference in a chlorophyll solution in olive oil exposed to a temperature of 
30 degrees C. below zero. On the other hand Kunisch* states that the 
alcoholic extract of chlorophyll from hyacinth leaves, frozen at 7 degrees 
below zefo, was found to differ from that of leaves which had not been 
frozen. Often dull whitish spots are found in frozen leaves which can 
arise from ice accumulations crystallized out into the intercellular spaces. 
Hoffmann found in Ceratonia, Laurus and Camphora, a vesicular raising 
of the epidermis and called it a “frost blister*. In heavy frost, the leaves 
which have been frozen through become as brittle as glass and transparent. 
When such leaves are thawed, the change in color depends upon whether 
the protoplasm of the cells has been killed or not. If it is dead, it becomes 
permeable to acids in the cell ; these penetrate to the chlorophyll grains, and 
cause their decomposition (the formation of chlorophyllan) : the cytoplasm 
turns brown ; the cell sap exudes rapidly; the leaf dries into a brittle, brown 
mass. Goppert*, who describes the various colorations of foliage leaves, 
also mentions an extremely strong weedy smell in frozen plants. In ferns 
the odor peculiar to the whole family is retained in frozen and dried speci- 
mens in an unusual intensity. In artificially frozen branches of the sweet 
cherry I noticed a decided odor of bitter almond. These phenomena are the 
result of the chemical changes which make themselves felt immediately 
and strongly during thawing. Fliickiger’ has observed a different effect in 
the frozen leaves of the cherry laurel. During distillation, these gave off 
an oil differing from that of the fresh leaves and no prussic acid, while 
leaves covered with ice, but not frozen, gave both substances under normal 
conditions. ' 

1 wiesner, Die natlirllchcn Erscheinungen sum gchutze dee Chlorophylls, etc. 
Festschrift d. k. k. zoolog.-bot. Ges. zu Wien 1876, p. 23. 

2 Kunisch, H., tJber die t<»dllche Wirkung niederer Temperaturen auf die 
Pdanzeiu Inauguraldissertatlon. Breslau 1880. 

3 Kunisch, loc. dt. p. 22. 

* GOppert, tJber Elnwlrkung des Froates auf die Gewttchse. Sitzungsh. d. 
Schles. Qes. f. vaiterL Kultur 1874; clt. But Z. 1875, pv 609. 

6 The effect of Intense cold on cherry-laurel; clt Bot Centralbl, 1880, p. 887. 
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It is important to refer here to the behavior of the mineral substances 
in leaves killed by frost, because we thus obtain an insight into the loss in 
substance caused by the destruction of the foliage in spring frosts. 

Schroeder’s‘ analyses of red beech foliage which a May frost had killed 
and which, four weeks later, was examined in the dried condition, gave the 
following: In the frozen foliage, the whole nitrogen content (3.56 per 
cent.) of the fresh May leaves is found, while in the autumnal leaves, only 
about 1.33 p^r cent, remains, so that, therefore, almost three times as much 
nitrogen is lost for the plant from the loss of the May foliage as in that of 
the autumnal falling of the leaves. 1 he dry substance gives 3.01 per cent, 
ash. Of this ash, 22 per cent, was phosphoric acid, i. e., as much as fresh 
May leaves, while the July leaves possess only 5 per cent. In May leaves 
about 30 per cent, of potassium was present normally; in frozen ones, how- 
ever, only 5 per cent. Naturally very little calcium was present in the 
young foliage (6.78 per cent, in healthy foliage, 4.70 per cent, in frozen 
foliage) ; while the vegetating July leaves possessed three times as much 
(20.34 per cent.) the dead November leaves actually exhibited 37.60 per 
cent. 

In opposition to the opinion that foliage killed by spring frosts remains 
hanging on the trees, which thus gives its valuable mineral elements time 
to wander back into the trunk, reference should be made to Ramann’s inves- 
tigations“. He proved that the foliage of the oak, spruce and fir, killed by 
cold, at first possessed the same composition as fresh foliage, when analyzed 
before a rain, but, during the rain, it underwent a very considerable change. 
Ramann found that, within 72 hours, water withdrew not less than 19.219 
per cent, of the whole ash of red beech leaves and actually 26.46 per cent, of 
the oak. This easy diffusibility of the ash elements should not be considered 
to be the result of later decomposition, as is proved by the fact that the 
greater amount had been leached out in the first 24 hours ; viz., in the beech 
15.42 per cent.; in the oak, 19.66 per cent. These latter amounts gave in 
pure ash 11.15 per cent, and of extraction for the trunk, 14.18 per cent, 
for the oak. 

The amount to which loss of the foliage injures the main body is shown 
in another different work by Schroeder’ on “The migration of nitrogen and 
mineral elements during the first development of the spring growth.” The 
exhaustion of phosphoric acid in the trunk during the production of the 
young growth is the greatest, namely, 46 per cent.; then follows potassium, 
32 per cent, of which is used up ; nitrogen and magnesium are removed from 
the trunk up to possibly 26 per cent. Before the end of this period, 12 per 
cent, calcium and 84 per cent, of the initial amount of silicic acid are added 
and replace the loss. Of the whole amount of nitrogen, potassium and 


' Schroeder. Untcrsuchung erfrorenen Buchenluubes. Foretchemtsche u. pflan- 
zenphyaiologlBche Unterauchungen. Part 1, 1878, Dreaden, p. 87. 

* Ramann Aechenanalysen erfrvrener Dlfttler und .Triebe. BoL Centralbl 
1880, p. 127*. 

* loc. oit p. 83. 



pfcosphoric acid wandering into the young growth, possibly one-fifth comes 
from the trunk, and four-fifths from the root and soil. These figures favor 
the theory that the root-body, to a still higher degree than the trunk organs, 
gives up its reserve provision of nitrogen, phosphoric acid and potassium. 

Deficient Greening ok Younger Leaves. 

A special form of the effect of lower temperatures on the coloring of 
plant bodies is the remaining yellotu of growing organs due to the lack of 
temperatures necessary for turning green. Living' found that etiolin was 
formedr at temperatures which were still too low for the formation of 
chlorophyll in spindling seedlings, which, exposed for a short time to the 
light, became yellower than those left in the dark. When plants are uncov- 
ered in the early spring, numerous examples are found in which the etiolated 
shoots which had been produced under the cover, in spite of the at times 
abundant illumination, generally do not lose their yellow color or lose it 
only slowly and irregularly in spots. The most abundant examples were 
furnished by garden hyacinths. If these are uncovered too early in the 
spring and frost surprises the young leaf cones which are not yet green the 
leaves develop later a normal color but their young tips remain white or 
yellow. 

In the parts which appear yellow, we usually find the chlorojilasts 
formed and arranged normally, i. e., along the free lying parts of the cell 
walls or those bordering intercellular passages (epistrophe), but the color- 
ing matter is only a more or less intensive yellow. In this stage, all possible 
transitions, up to the complete absence of the grains in the wholly bleached 
tip of the leaf, are found ; these are not, however, conditions due to disso- 
lution but are arrestment formations. In the vi’hitest parts of the meso- 
phyll, the cells are filled with a watery cell sap which is traversed by 
cytoplasmic cords, without the deposition of any chlorophyll bodies in the 
cytoplasmic wall layer. In other cells of the yellowish parts, the differenti- 
ation of the contents extends to the primordia of the chloroplasts, but these 
appear more whitish, more tender, we might say, and at times, cloudier, 
less dense and less sharply defined. Normally formed, intensively green 
chloroplasts are finally found in the parts of the leaves which have grown 
out of the soil after frost action. At times the lack of green is connected 
with the presence of red coloring matter. Charguerard“ furnishes an 
example ; he observed in Phalaris arundinacea picto, that the young leaf tips, 
with their well-known white stripes, appeared reddened by frost. The rose 
red coloring disappeared with warm weather. Schell’ confirms the appear- 
ance of the red coloration with cold. In the spring he placed plants with 
red-colored, young leaves under three different temperatures and observed 
that the specimens kept in a room at 15 degrees C. became green within 

I Arbeiten d, Bot lostltuta zu WUrzburg, Yol. II, Part 3; ctt. But. Centralbl. 
1880, p. 830. 

s Revue hbrticole, Paris 1874, p. 340. 

« Botanlscher Jahresbericht 1876, p. 717. 
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l8 hours, while those kept at 8.5 degrees C. turned green only after 5 day* 
The plants left out of doors, with a maximum temperature of about 4 
degrees C. became green only after 20 days when the temperature of the air 
had risen. These observations favor my theory, that the red coloring is 
conditioned hy the preponderance of a process of oxidation, connected with 
the action of light, over the process of assimilation. \\'’ith equal amounts 
of light, a rise in temperature so increases assimilation that the process of 
turning green preponderates. 

To avoid a fixation of the morbid yellowish appearance of leaf tips, 
bleached by frost, it is advisable to remove the winter covering gradually, 
or, for the first few days, to spread a light layer of brush oi er the plants. 


Defoliation Due to Frost. 


The sudden falling of the foliage during and after the appearance of 
the first autumnal frost is only one form of the autumnal defoliation which 
should be designated death from senility (in contrast to the cases already 
described of abnormal defoliation after excessive heat, drought, lack of 
light, excess of moisture and other causes, producing a sudden loss of func- 
tion of the organ). The leaf has simply lived out its life. A normal death of 
this kind has the least disadvantageous results for the trunk which remains 
alive. From the senile leaf apparatus many plastic as well as important 
mineral substances gradually wander back into the trunk and are used again 
in the following period of growth. The retention of abundant amounts of 
organic structural substances and the leaching of easily soluble nutritive 
substances by rain are very disadvantageous in leaves which die in a juven- 
ile stage, since these are thus lost to the trunk. Rut both processes have 
but little significance when the leaves die of old age. In this case, as has 
recently been emjihasized repeatedly by B. Schultze', the assimilation of 
carbon dioxid may w^ell be proved, up to the last moment, even if naturally 
with weakened power. Through the preponderance of the processes of 
decay over those of construction the leal s supply of easily soluble proteins 
is especially impoverished. With the increasing thickening and calcification 
of ’the membranes, the conducting of new nutritive substances becomes 
constantly more difficult, so that the demonstrable reduction- of nitrogen, 
phosphoric acid and potassium thus becomes explicable, even if no consid- 
erable process of retrogression is accepted. 

After all that has been said in earlier sections on the influence of 
position, soil constitution and weather, it is not necessary to emphasize here 
the fact that the life period of the leaves can be proved to he very different 
for the same species and that in this frost also acts on leaves which vary 




^’n'r'ruwlrth, C. and Zlelstoft, W., Die hcrbstllche 
der Hopfenpflanze. Landw. Versuchsstat. . 
2. p. 161. 


Ruckwanderung von Stoffen 
cit, BoU Jahreab. 1901. Part 
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greatly in age. Accordingly the process of leaf fall is not always the ta'i^i 
The most usual case consists in the formation of a tissue zone at the liase of 
the leaf which is a characteristic abscission layer. We repeat here the ' 
illustration of the autumnal abscission layer in the leaf of Aesculus Hippo- 
casianum (cf. Fig. io6). The illustration gives a section made longitudin- 
ally through the joint at the base of the petiole, a is the bark parenchyma of 
the branch ; b, the layer of plate-cork cells which remains when the petiole 
has fallen and thus forms a protection for the bark tissue ; c indicates the 
cells at the base of the petiole which at e pass over into the firmer paren- 
chyma of the broadened bases of the petioles, provided with abundant accu- 
mulations of calcium oxalate. Between c and e takes place the process of 
separation, since at d the cells round off and begin to separate from one 
another. If now the leverage of the leaf, moved by the wind, makes itself 
felt, the petioles break oft at the loosened cell layer. 



Fig. 106. Autumnal abscission layer of a horse chestnut leaf. 
(After D6bner-Nobbe.) 


The riper the leaf is at the lime of the final autumnal frost, the more 
easily it falls ; on this account, the old leaves of the branch are found to be 
the first ones broken off by the wind in the autumn. The greater the life 
energy and the quantity of plastic material, the more resistent the youthful 
leaf seems to frosts which are not killing frosts. * 

If killing degrees of frost occur in the autumn at a time when the leaf 
has not yet sufficiently matured its abscission layer, i. e., the. tree is still far 
distant from its dormant jteriod, then the dead foliage remains on the 
branches over winter (beech and oak). The beeches in which the foliage 
remains hanging often leaf out later in the spring than do normally matured 
specimens*. 

At the time of the first night frost, it is found in the early morning, if 
the frost still lies on the ground and even in windless weather, that, as soon 
as the sun comes up, the simple leaves of the trees break off and the leaflets 
of composite leaves fall from the common spindle, v. MohF found in such 

1 de Candolle, A., in Centralbl. f. AgrIkuUurchemie 1879, 1, p. 159. 

2 Bot. Zeitung 1860, p. 16. 
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jtosfe th^t the leaf scars of the iallen leaves, or those just about to be 
iftosehed, were covered, in a number of plants, by a thin layer of ice. Paul- 
‘ownia, for example, exhibited an especially thick ice crust. Often the 
leaves were ‘still connected with their scar only by the ice crystals. These 
ice crystals had been formed in the abscission layer of the leaves. The 
columnal structure of the crystals, their cloudiness, produced above the 
vascular bundles by little air bubbles, and their arrangement, ending sharply 
with the boundary of- the leaf scar, favor the view that no considerable 
masses of cell sap, which had possibly flowed out, have been frozen but that 
small particles of water pass through the cell walls exactly at the place 
where they are observed and are there stiffened to ice. 

The formation of ice may often occur very early and thereby cause, 
when thawing, the fall of leaves which otherwise would have remained for 
some time on the tree and may even still be green. Besides this action of 
the ice lamellae, a premature autumnal defoliation may set in because the 
leaf is partially or entirely frozen ; it, therefore, suddenly becomes function- 
less and is then pushed off. 

In autumnal defoliation the loosening of the leaf always takes place in 
the abscission layer which, according to Wiesner’s observations', does not 
always arise from a secondary meristem but is often found also as a rem- 
nant of the primary meristem. In other cases of leaf-fall the process of 
disarticulation can take place in different tissues. 

If the process of disarticulation within the layer of separation be con- 
sidered in general, the following modifications will be found, according to 
Wiesner". So strong an osmotic pressure can be produced in the cells of 
the abscission layer that the tissues separate from one another, leaving 
smooth surfaces. This we find in defoliation which is the result of excess 
of water even wdrere this excess arises from abundant watering after a long 
period of dryness. The phenomena of the dropping of the leaves of 
Azaleas, Ericas and New Holland plants, so well known to gardeners, after 
the drying of the root ball, belong here, as does also summer defoliation 
with the occurrence.of rains after a long drought. 

According to Wiesner, in autumnal defoliation the macerating action 
of organic acids comes especially under consideration. He assumes that 
the surfaces of separation, in death from frost, as a result, have an acid 
reaction, and explains this by the fact that the frost kills the cytoplasm, 
thereby making it permeable to the acids which occur in the cell content and 
then act on the membranes. Oxalic acid may play a great part in this. 
The above-named investigator laid the stems of various, plants in a 2.5 
per cent, solution of oxalic acid and found that the leaves had loosened 
within a few days. The stems of plants which form abscission layers at 
the intemodes also disarticulated within a short lime. 

1 Wiesner. Julius, flber FrostlauMall nebst Bemerkungen Uber die Mechanlk 
der Btattabtdsung. Ber. d. D. Bot. Ges. IStlS, Part 1, p. 

> loc. dt p. 64. 
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If the leaf surface is injured by ftost, but the part of the leaf lying 
below the abscission layer, i, e., the leaf stump, remains alive, the frozen 
part of the leaf will dry up, but the leaf base will be found intact and turgid. 
Between the leaf base and the dried part differences in tension must arise 
which lead to the loosening of the leaf body. 

Experiments made by Prunet' show how quickly the parts injured by 
frost ha\’e dried up. A frozen vine branch with four leaves placed in water, 
evaporated 475 mgr, of water within two hours. In this, its loss in weight 
amounted to 14.46 per cent. Under the same conditions a similar branch, 
not injured by the cold, evaporated only 132 mgr. of water and, because of 
the absorption of water which had taken place simultaneously, increased its 
weight by 0.26 per cent, 

AViesner has also shown experimentally how, in plants which retain 
their frozen foliage for some time, often for the winter, this may occasion- 
ally be based on a rapid drying. He took branches of Ligustrum ovalifolium 
with frozen leaves and placed them in a warm room in such a way that the 
sprouts could constantly soak up water. After 6 to 12 days, these dropped 
their leaves while the leaves of shoots not provided with water remained 
firmly attached. In cases occurring out of doors, where the dead foliage 
remains in place on the branches, the separation takes place only after the 
destruction of the tissue. The moldering of the membranes within the 
abscission layer will gradually advance so that the wind or some other 
mechanical cause finally brings about the breaking off of the leaf. In these 
moldering proce.sses micro-organisms will doubtless cooperate. 

From what has been said, it is clear that the mechanics of separation 
in the autumnal senile defoliation, as well as in that due to frost, can often 
differ even in the same individual, according to the age of the leaves and 
the existing accessory circumstances. In many plants (grapes), besides 
the loosening of the whole leaf from the axis, the loosening of the leaf 
blade from the petiole also occurs. In other disturbances also, this region 
is especially susceptible and at times manifests its similarity to the base of 
the petiole through a similar discoloration. For example, in poplars, it can 
be observed that in the autumn the base and tip of the petiole become red 
while the remainder is yellow. 

The difference in the time when these processes set in in different indi- 
viduals, and in the 'same individual at different heights of the various 
branches, is connected with the physiological age of each leaf. The younger 
this is, the later it falls from the branch, under otherwise equal conditions, 
as Dingier^ ha.s determined, by pruning experiments. He observed a 
greater power of resistance in the young leaves, especially to autumn frosts. 
The young leaves of Carpinus Betulus did not freeze during frost periods, 

, , r «i - I’U 

1 Prunet, A., Sur les modifications do I’absorption et de la transpiration, qui 
survienneot dans les plantes attcintes par la geleA Compt. Rend. d. I'Acad. des 
Sciences 1892, II, p,. 964. 

2 Dingier, Hermann, Vcrsuche und Gedanken zum herbstlichen Laubfall. Ber. 
d. D. Bot. Gea- 1905. Part 9, p. 463. 
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lasting all day, but older ones were affected and finally died. I found 
similar conditions m plane trees in which the age of the tree made itself felt 
in the same way. In street trees, young specimens had been planted be- 
tween the older trees. Although they did not stand under the protection of 
the older trees, they still retained their considerably stronger foliage when 
most of that of the older trees lay on the ground. 

Behavior of Beet a.md Cabkage Plants in Frost. 

In storing sugar beets the loss of sugar, which occurs in tlje heaps 
because of the respiration of the beet body, can be decreased only by the 
lowest possible temperature’. In sugar beets which have been frozen, a 
^ raising of the sugar content was actually found when the water was frozen 
out. This has been reckoned by Ninger to be 0.39 per cent’. 

The new formation of saccharose which takes place during the process 
of freezing is no greater than the amount destroyed. Also the amount of 
nitrogenous substances and the proportion of proteins to non-proteins re- 
mains unchanged. So soon, however, as thawing begins, the latter appear 
to be increased at the e.xpense of the former. The elements of the raw 
fibers (cellulose and related substances) become more soluble in acids and 
alkalis and in part also more soluble in water because of the freezing’. In 
this an increase of non-sugar substances is produced in the sap. I observed 
in frozen beets partial swellings of the membranes which might be ex- 
plained as a visible expression of the chemical changes in the cellulose. 
•Strohmer and Stift found a striking increase in the acid content. 

The large sugar content, produced by the loss of water, and the conse- 
quently more concentrated cell sap will, however, retard the actual freezing 
of the beet body. Besides this, in the storage piles, the outer, frozen tubers 
W'ill protect the inner ones from freezing. Muller-Thurgau has referred to 
this especially and Mez‘ has explained it by the fact that the conversion 
of the cell sap into a solid aggregate condition preserves the energy still 
present in the cell from too rapid dispersal. The conduction of warmth 
takes place much more slowly in ice than in water, where the warmth is' 
distributed by radiation. 

The statements of market gardeners that brown cabbage {Brassica 
oleracea acephala) obtains its desired sweetness only after frost, may find 
adequate explanation in the accumulation of sugar dub to the low tempera- 
ture. According to the analyses made by Marker and Pagel’, an amount 
of sap equal to 68.66 per cent, of the remnants of the plant may be pressed 

' Heintz, Atmuny der Riibenwiirzcln. Zcitschrift d. Ver. f. d. HUbenzuckerln- 
dustrie d. deutsch. Reiches 18T3, v. XXIII; cit. Bot. Jahresb., I, p. 358. 

8 Bot. Jahresber. 1S80, p, 666. 

8 Strohmer, F. mid Stift, A., tjber den Einfluss des Gefrierens au( die Zusam- 
mensetzung der Zuckerriibenwurzel. Gsterr-LIng. Z. f. Zuckerindustrle und Land- 
wirtaoh. 1904. Part 6, , . . u 

4 Mez, Carl, Neue tlntersuchiingen uber das Erfrieren eiabestandiger Pflanzen. 
Sond. Flora od. Allgem. Bot. Zeit. 1905, p. 109. 

“ Marker und Paget, fiber den Einlluss des Frostes auf Kohipflanzen. Bleder- 
mann’s Centralbl. 1877, v. XI, p. 263-66. 
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out from frozen cabbage plants while tfle same pressure gave only 7.1 per 
cent, sap in examples which had not been frozen. 100 ccm. of sap con- 
tained in 

frozen plants not frozen plants 


Dry substance 

7-96 g 

4-04 g 

■ Raw Ash ’ 

1-63 “ 

0.97 " 

Grape Sugar 

4-17 “ 

1. 41 '' 

Dextrin f ?) 

0.80 “ 

0.58 “ 

Nitrogenous substances 

0.80 “ 

0.51 " 

K^tractive substances free from nitrogen 0,50 “ 

0.54 " 

This shows that the soluble elements 

in the sap have undergone a con- 


siderable increase and that, in this, grape sugar is especially concerned. 
Here, therefore, just as great a formation of sugar has been found as in' 
the potato; Schmidt' states this to be 21.85 P^'' 

Frost Blisters. 

Frost blisters are of less significance agriculturally but certainly worthy 
of consideration scientifically because of the production of mechanical dis- 
turbances in the tissues inside the organs which remain alive. These mani- 
fest themselves in the appearance of usually small, blister-like places in the 
epidermis and at times also in the sub-epidermal layers which are raised 
from the thin-walled parenchyma of the leaf flesh or the tougher paren- 
chyma of the leaf veins. Instead of an extensive description, we will 
reproduce in Fig. 107 a cross-section* of the frost blister on an apple leaf. 
0 indicates the upper side, U, the under side. M is the mid-rib, s a larger 
lateral vein. 

In the mid-rib, the crescent-like wood body, with its numerous ducts 
(y), forms the chief part. On the upper side adjoins a thin walled layer 
of parenchyma (m) free from chlorophyll, corresponding to the pith body 
of the axis. This parenchyma layer is covered by thick-walled collen- 
chymatous cells (c) ; these develop more abundantly, the larger the vein is. 
The collenchyraa extends as firm wedges somewhat above the part of the 
leaf surface which consists only of leaf flesh. The leaf flesh shows the 
usual division into palisade parenchyma (/>) and spongy parenchyma (sf). 
Of these layers, containing chlorophyll, the palisade parenchyma does not 
extend over the vascular bundles on the upper side but spreads out on both 
sides like a keel so that it terminates in a short cell layer (br). This be- 
comes one layered, between the collenchyma and the parenchyma of the 
body of the vein. The spongy parenchyma, on the other hand, extends on 
the under side over the body of the vascular bundle and forms the bark part 
of the vein in which, as in the bark of the branch, may be found oxalate 
crystals (0) arranged in crescent-like rows. The epidermis (e) covers 
the whole leaf uniformly. 

1 After Rltthausen; cf. "Der Landwirt" 1876, p. 601. 

2 Sorauer, P. ‘Frostblaseq an Blattern. Z. f. Pflanzenkrankh. 1903, p, 44. 



S33 

The mechanical action of fro*t i. shown here in the form typical for 
the majorny o our plants s.nce, on the upper side of the leaf, Z collen- 
chyma tissue above the vascular bundle of the large vein is raised up from 
the parenchyma, thereby forming an opening (/'). On the under side of 
the leaf, the spongy parenchyma has beep freed from the bark part of the 
vein on the scarps of the very prominent body of the vein so that cavities 
( ) containing a, r, are produced on both sides of the rib. The formation 
of cavities is explained by the fact that the youthful, still hyponastic 
leaf, ‘he edges 0 which are up-curled, from the action of frost, contracts ' 
at both sides of the mj^d-nb from above downward, as well as tan’gentially. 
If the up-curled, trough-like leaf contracts, the curling must become greater, 

1 e the distension of the under side becomes stronger. This manifests 
Itself in a pulling toward the raised edges (see the direction of the arrow in 



Fig. 107. Croas-soction through a frost boll in an apple leaf. 


the illustration). The tension is the greatest at the scarp of the vein and 
can, at times, lead to a splitting of the epidermis (e'). 

If thawing now takes place, the result of the action of the frost is the 
overlengthening of the tissue which has been strained, for the tissues are 
indeed distensible but not completely elastic. They do not regain their 
former size and arrangement. The lower epidermis, which has been most 
strained, elongates and no longer exercises on the spongy parenchyma, 
lying beneath it, the previous amount of pressure. The pressure in the 
epidermis is broken and the spongy parenchyma responds at once, elongat- 
ing into pouches. If, at the time of the greatest tension, the epidermis is 
tom apart, the over-elongated edges of the tear (c') form a crater-like 
opening {oward which grow out the rows (/) of the spongy parenchyma 
which develop into threads. 
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We find further investigations of frdfet blisters in a work by Noack*, who 
comes to the conclusion that they are produced “because water from the 
cells is pressed into the intercellular spaces and there turns to ice so soon 
as the temperature falls to a certain degreeljelow the freezing point, differ- 
ing for the different varieties of plants.” The formation of ice crystals 
was found by Noack to be strongest at the place where later the separation 
of the epidermis becomes visible. We owe a recent study to Solereder^ 
He observed in the leaves of Buxus the same hairy outgrowth of the raeso- 
phyll cell rows that I had found in apples, cherries, apricots and have illus- 
trated in Fig. 107. Solereder has proved experimentally that this elongation 
of the cells of the leaf flesh is a secondary phenomenon occurring with an 
abundant supply of water. He removed the under side of the leaf and set 
the plants in a moist place. Cuticular warts were then produced on the cell 
membranes, similar to those which we have illustrated by the woolly stripes 
in apple cores (p. 324) and have observed also in the frost blisters of cherry 
leaves. The beginning of this hair-like elongation of the cells is found in 
the sheath of the vascular bundles, i. e., in places where the cork disease of 
the cactus (p. 429, Fig. 71) may be recognized as the initial point of the 
diseased processes of elongation. We find in this an experimental proof of 
our theory that the disturbances named may be traced back to excess of 
moisture. 

We will discuss later, in connection with other mechanical disturbances 
due to frost, the question whether the frost blisters w'erc produced by the 
crystallized ice, or formed previously by a difference in tension due to the 
cold, thus offering for the formation of ice the most convenient places of 
deposit. We will for the present only emphasize the fact that the holes in 
the tissue pictured in the apple leaf (on the upper side of the veins and 
below on their scarps) are a typical frost peculiarity found frequently in 
very different leaves which also remain green during the winter. 

Comb-like .Splitting or the Leaves, 

In some years with late frosts the phenomenon, in which the otherwise 
continuous surfaces of tree leaves often appear slit and thereby approach 
those forms which are characterized as "folia laciniata" may be found not 
infrequently. While, however, in commercial varieties, the slit leaf form 
is a condition fixed in the developmental course of the individual and may 
be transmitted by grafting, the slitting due to frost forms a transitory stage 
whichi even in the same summer, may return to the normal leaf form. 

I had opportunity in the spring of 1903 to observe the very frequent 
occurrence of the phenomenon in Aesculus Hippocastanum’. The structure 
shown in Fig. 108 was restricted to the lowermost leaves of the shoot, i. e., 

1 Noack, Ft., tJber Frostblasen und ihre Entstehung. Z. f.‘ Pflanzenkrankh. 
1905, p. 29. 

* Solereder, H., ttber Frostblaaen und Froatflecken an Blattern. Qentralbl. f. 
BakterioL 2d Section, v, XII, 1904, No. 6-8. 

« Sorauer, P., Kammartige Kaatanienbiatter, Z. f. Pflanzenkrankh. 1903, p. 214. 
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those appearing first from the bud» On the same leaflet could be found all 
transitions from deep incisions extending as far as the mid-rib (Fig. io8e) 
to the normal undivided leaf surface (Fig. io8/). It was observed on those 
transitional places that e.xactly in the middle line of each intercostal field 
and spread between two parallel, lateral veins, occnrrcd a lighter colored, 
transparent stripe along which the tissue was broken in places. (Fig. I08p.) 
The edge of such a ruptured place, like the edge of the individual feathery 



Fig. 108 Horse chestnut leaf, injured in the hud h.v frost, and torn, like the teeth 
of a comb, during nntoldmg. 


tips of the slits, often shows a somewhat yellowish, harder line, sometimes 
appearing a little callused. This callused ctlgc consisted of plate cork cells, 
to which, on the outside, were not infrequently attached rags of dead meso- 
phyll cells. It is evident from this that the comb-like incisions had not been 
formed in the bud, but were produced later. 

In the above mentioned, transparent lines, of which the first are broken 
only in places, the mesophyll is found to be dead on the uninjured part. 
The cell content was still abundantly present but brown and collected m 
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balls. The vascular bundles showed th# well-known frost browning. The 
fact that exactly the midline of the intercostal fields is always the part 
injured by frost is explained by the peculiar folding of the leaf surfaces 
in the bud primordia. 

I found the same phenomena also in Acer Pseudo platanuj and some 
other thick-leaved varieties of maple : in these, however, only in the form 
of irregular perforations. Laubert’ observed a feathery slitting of the 
leaves of the birch and the white beech. Thomas” explains the slit condi- 
tion of the leaves chiefly as a result of the action of the wind. It has been 
known, ever since A. Braun and Caspary, that chestnut leaves can be per- 
forated and in places slit by the mutual rubbing of the leaf surfaces, but 
the phenomenon here described has nothing to do with the action of the 
wind. I have found the beginnings of the split leaf condition in little trees 
which had been brought into the house soon after the action of the frost'h 

The Heaving of Seeds. 

Aside from the injuries which hardy herbaceous plants can suffer from 
lying too long under a snow cover, because they are often suffocated, we 
have to take into consideration another phenomenon which becomes espe- 
cially disadvantageous for grains, i. e., the heaving of young plants. 

It is only the soils which contain a great deal of water which exhibit 
the heaving of seed by frost. After unsettled winter weather, when sharp 
frosts suddenly follow wet days in the early spring, a number of young 
plants with exposed roots are not infrequently found on the upper surface 
of the field. A part of the roots, to be sure, still touch the earth with their 
tips, and eke out for the seedlings a pitiful existence, while other rootlets, 
perfectly free, with torn tips, are exposed to drying wind and sun. The 
explanation of this occurrence is very pertinent here. The heavy soil 
retains large quantities of water; this freezes into long, needle-like crystals 
, and thereby raises the upper layers of the soil, together with the young seed. 
If a part of the fine roots have already reached a considerable depth they 
are torn loose. In the subsequent thawing the soil can settle back in place, 
but not so the young plants. A repetition of the process finally brings the 
above result and may cause considerable loss if help is not brought quickly. 
The help consists mainly in the use of a heavy roller at a time when the 
soil has already dried to some extent. By pressing the sprouted seed, the 
lower nodes of the stem obtain protection and dampness enough to put out 
new adventitious roots and in this way gradually overcome the injury to 
the organs which hold them fast and nourish them. Especially in grain 
plants rolling acts beneficially and in damp spring weather strong blades 
will grow from plants which have thus been drawn out of the soil. 

1 Laubert, R. RegelwJdrlge Kastenienbiatter. Gartenflora, S2. Jahrg., 1903, 
Oktober. 

2 Thomas, Fr. Die meteorologlachen Ursachen der SchliUblhtterlgkelt von 
Aesculus Hippocaitanum. Mitt. d. ThUring. Hot. Ver. 1904, Fart 19, p. 10. 

3 cl. Z. 1 Pflanzenkrankh. 1905, p. 234, Note. 
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Dftlinage will naturally act as^a precautionary method. A loosening 
o£ moor soil by raking it over with sand may also he proved favorable. 
Kuhn‘, in this connection, found that drill cultivation was also effective 
since ail seeds were thus hoed in again. Between these seeds are produced 
thereby “small grooves into which the moisture chiefly passes and thus, 
under the conditions cited, an upraising of the soil is observed in the spaces 
between the plant rows, while the plant rows themselves remain untouched." 
Hedwig* recommends early sowing in order to obtain as abundant deep 
growing roots as possible and thereby to secure the plants more firmly in 
the soil. 

Ekkert’' recommends a surface sowing, but chiefly the growing of 
strong plants. In favoring this surface sowing, Ekkert seems to have been 
influenced by the statements of Count Pinto-Mettkau, who says that only 
seeds which lie deep are heaved out of the soil and, in this are torn at the 
base of the primary internode, i. e., at the part of the stem which is strongly 
elongated only in deep sowing and which raises the node of the plant toward 
the upper surface of the soil. This theory is shtired also by Breymann'. , 
Ekkert’s investigations on the firmness and elasticity of this lowest part of 
the stem and of the roots favor the view that, in this heaving from the soil, 
the roots are torn sooner than the internodes. With surface sowing, it is 
possible that only the roots will be torn and the superficially lying grain, 
therefore, also carried up so that it will still remain as a possible retainer of 
reserve substances for the injured plant. The injury would consequently 
he less and more easily overcome \\ith the additional help of a rapidly 
effective spring fertilizing. 

Johannes rye has been recommended as a resistant variety. In wheat, 
a Russian variety, Urtoba ivhfal, is found to lie especially resistant. How- 
ever, neither variety nor depth of sowing will determine this in the end, but 
chiefly the constitution of the soil and its power to retain water become of 
especial importance. 

In young tree plantations, the heaving of the seed occurs also with 
black frost. The seedlings of pines and oaks, provided with strong, long 
tap roots, did not suffer, but those of the superficially rooting spruce and 
hemlock and, among many deciduous trees, the black alder in boggy soils, 
do so. 

Internal Injuries in Young Grain. 


As yet no attention has been paid to the fact that gram plants suffer 
internal injuries from black frosts, even if they are not heaved from the 
soil. These injuries, with continued wet weather, form convenient centres 
for the attack of parasitic fungi. Besides the common black fungi, we will 


1 Krankheiten der Kultnrpfianzen 1859, p. 1^ 

: ■'iJsr.wiS'srr.v”- 

"“."tSrs'Ki.lrSftl «««■.- •“ 

mann’a CentralW. f. Agrlkulturchemie 1881, p. szs- 
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also find the snow mold, the breaker of«the rye blade, the killer of the wheat 
blade, etc., all of which cause the further destruction of the plant. ' Besides 
the browning of the vascular bundles in the plant nodes, the frost injuries, 
predisposing the plant to fungous diseases, consist especially of a blister-like 
raising of the outer membrane in definite places of the grain leaf. Such 
blisters are found even in very young leaves in the bud as is shown in the 
adjoining Fig. 109. We find that the outermost edge ( 5 ) of the young leaf 
is so injured by frost that the cell contents have become brown and rounded, 
the cells have collapsed and, therefore, die in a short time (gs). On the 



Fig". 109. Young rye leaf, injured by frost, with eruptions on the epidermis. 


other hand, the part of the leaf spirally rolled up (A) appears J3erfectly 
fresh and capable of further development. 

The leaf, of which the outer side, while in the bud, is curved outward 
like a bow, possesses a main vascular bundle (3) above which are deposited 
hard bast cords (b) on the outside, and also weaker bundles (3'), ramifying 
in the, middle, broader region of the leaf, which nourish the increased meso- 
phyll. Among the changes in tissue produced by frost, the one should be 
emphasized in which the enlarged cells (r) become noticeable after the 
thawing. These are radially elongated and in part irregularly pulled out of 
shape .(z), with greatly bowed walls. This condition proves the presence 
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of abnormal tension conditions. To Vnese should be ascribed also the very 
conspicuous phenomenon of the production of holes ( 1 ) regularly arranged. 
The holes are produced by the blister-like upraising of the epidermis from 
the real leaf flesh, usually on the upper side, between the rows of stomata 
(sp). The under, or outer side, of the leaf shows only scattered holes of 
small extent. The tangential elongation of some of the epidermal cells, 
noticeable at times {ep and ea) offers an important proof of the production 
of these holes. The epidermal arch has become larger than it was before 
the action of the frost ; this elongation is the result of the stretching of single 
cells. Besides this upraising of the leaf, a radial splitting in the vascular 
bundle indicated at I' is very characteristic of frost injury; this becomes of 
especial importance in the axillaiy body. 

To distinguish the formation of holes, due to the action of frost, from 
the tearing of the tissue, due to senility, we give in Fig. i to the cross-section 
of the first sheath-like leaf of a rye plant, the inner tissue of which, in the 



Fig. 110. Natural cavities In the sheath-liko rye loaf, formed during growth. 


course of normal development, splits at death. The holes {h), produced 
thereby, are always tangential 

Internal Injuries i.v the Grain Stalk. 

More important, however, than the leaf injuries is the effect of frost in 
the stalk itself. We usually have no suspicion of this, since, to the naked 
eye, no change is noticeable in the plant. Fig. 1 1 1 illustrates a lower node 
of rye injured by frost. 

The tissue of the stalk {H) is firmly enclosed by the sheath (Sch), the 
outer epidermis of which is indicated by e, the inner by e' while e" indicates 
the upper epidermal cells of the stalk. The browning of the ducts in the 
different bundles, which occurs in all frost injuries, is indicated at n and 
where the narrower spiral ducts between the wide annular ducts seem the 
most injured. At br are found aggregations of brown parenchyma cells 
in the sheath; at br' the same in the stalk itself. At v and v' are shown 
brown groups of cells in the sheath and in the stalk, the walls of which are 
very strongly swollen up so that the whole cell seems converted into a uni- 
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Fig. 111. (Upper figure) Leaf node from a rye plant. Injured by frost. 

Fig. 112 and 113. (Lower figures) Swelling of the membranes on the leaf sheaths 
of a rye blade Injured by frost. 



form yellow, gum-like mass. At ortier places (r) the parenchyma in the 
inner part of the sheath is torn or is filled with peripheral holes, due to the 
raising of the epidermis. Elongated cells occur near such holes or often 
instead of them, and point to the fact that, in freezing, the stalk is most 
often contracted tangentially, thus pulling the epidermis out of shape. 
Because the epidermis is not so elastic as the rest of the bark tissue, it 
remains permanently elongated as the result of this tension. When the 
frost ceases, it is raised in places {I and /'), or perforated, and its pressure 
on the underlying parenchyma decreases, causing the parenchyma cells to 
elongate into pouches (/d). The elongated cells, usually under the outer 
epidermis (a), but more rarely on the inner side (a'), often possess strongly 
curved, or stretched walls. 

These conditions are magnified and illustrated in Figs. 112 and 113. 
Here the processes of wall swelling appear to be so great that one is able to 
distinguish only indistinctly the limits of the individual cells; some cell 
lumina disappear almost entirely {v). The loosening of the epidermal 
pressure, connected in the above case with the phenomena of swelling, has 
caused the over-elongation of the underlying tissue and the formation of 
considerable groups of bent, abnormally enlarged cells in some places (rd) 
and isolated ones (2) in others. 

Finally, the phenomenon of splitting within and around the vascular, 
bundles is most worthy of consideration. In the vascular bundles the split- 
ting takes place usually in a radial direction (Fig. ink) ; in fact in such a 
way that the more tender tissue between the two wide ducts is torn. The 
part surrounding the vascular bupdles can be so greatly tom (r) that the 
bundle projects into the cavity. This phenomenon gives the impression 
that the parenchyma had contracted so strongly, as a result of the frost 
action, that it is torn off from the resisting, firm bundles. In case such 
differences of tension make themselves felt less extremely, the parenchyma 
near the bundles is only greatly strained, causing a subsequent production 
of enlarged cells with curved walls (2'). 

Injuries to the vascular bundles, for w’hich the vascular elements must 
certainly compensate by their conductive activity, are of great importance 
to the life of the plant. This explains the developmental retarding of plants 
injured by frost. Such plants, even without the cooperation of the para- 
sitic organisms, which especially seek out weak seed, furnish less straw and 
especially badly nourished grain. As a rule, however, there is an addi- 
tional parasitic injury due to rust, black fungi and other leaf and beard 
inhabitants. The development of the stalk is irregular since all plants in 
the field never suffer equally strongly ; besides the individual differences in 
power of resistance, the inequality of the soil sometimes favors the frosts 
and sometimes gives protection from them. The more injured specimens 
stand under the shade and pressure of vigorously growing ones. A defi- 
ciency of light and air and the increase of moisture among the oppressed 
plants favor the infection and extensive distribution of the fungi. 
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IjJDGING 0» THE StALK. 

The frost injuries above described in stalks show different secondary 
phenomena, according to the place where the frost acted most intensively. 
The most common case is where, with late frost, the base of the stalk is 
attacked. Usually these injuries occur in definite centres in the fields be- 
cause the cold air accumulates in low-lying hollows. Here also most of the 
moisture from atmospheric precipitations collects so that parasitic infection 
is added to the frost disturbances. The base of the stalk begins to molder 
and thy stalk itself falls over. Many of the cases of lodging of the stalks, 
ascribed to Leptosphaeria and Ophiobolus, are found to be combination 
phenomena of which frost is the primary cause. 

There are, however, other cases, in which the stalks do not break at the 
base but at different heights. The phenomenon does not always occur in 
definite centres in the field but may also be found in bands and manifesting 
itself in such a way that healthy and diseased stalks stand side by side. 
Such cases not infrequently cause disputes since they bear a great resem- 
blance to injuries due to hail. Reparation is refused by the Hail Insurance 
Companies since it is not possible to prove where the hailstones have hit. 

In the basal lodging of the stalk, its ground tissue is found to be brown 
and the shoot almost entirely dead. It is often, indeed, soft and always 
infested by fungi ; also bacteria, mites and anguilla in continued dampness. 
When the break occurs higher in the stalk, the ground tissue seems firm 
and green and the shoots die only in places, often without infection by fungi. 
Most frequently the broken place in the stalk is found at the second or third 
intemode above the surface of the soil add is characterized sometimes as a 
one-sided, sometimes as a circular brown zone, the coloration of which in- 
creases in intensity tow’ards the next higher node. Accordingly the part of 
a stalk, lying close below’ a node seems to be the most susceptible place. 
Nevertheless, the node adjoining the upper side of the deep brown tissue 
can frequently lead to a secondary upbending of the fallen stalk so that it 
finally stands upright again beyond the bent place. But the heads of such 
plants are weak and imperfect; the roots appear healthy, the brown part 
almost always without any fungous growth. 

The Cokdition of Sterilf. Heads. 

A disease which apparently has the least connection with frost injuries 
is the condition of sterile heads, as met W'ith in Fig. 114, A and B. As yet 
I have found the phenomenon only in rye and will describe only a special 
case which I had opportunity to observe in June, 1900*. Here the stalks 
were mostly of a normal size and vigorous growth, but the uppermost mem- 
ber, or the one next below it, had pale yellow spots. Later these became 
straw-colored to a brownish-yellow, often w'ith darker edges, which en- 

1 Sorauer. P. t)ber Frostbeschfidungen am Getrelde und damit in Verbindung 
stehende Pllzkrankhelten. Landw. Jahrbucher 1903, p. 1. 
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larged to a band girdling 
the stalk. In other cases 
the stalk was perfectly 
healthy up to its upper- 
most intemodes. 

The uppermost leaf 
sheaths and leaves, how- 
ever, had straw-colored 
specks (Fig. 114 B t) 
or pits. The upper part, 
together with the ha,se 
of the spindle of the 
head, was a reddish 
straw color. The spindle 
itself was brownish, dot- 
ted with . salmon spots, 
entirely bare at the base 
(k) but, further up, 
covered with papery 
glumes, at Hrst thread- 
like but later becoming 
somewhat broader (sp). 
The tip of the head 
could develop fully, as 
shown in Fig. 1 14, B, 
and the nearer this green 
tip the thread-like, white 
glumes stand, the coarser 
and larger they become 
and the more their con- 
stitution approaches the 
normal condition. At 
times groups are found 
with green fleshy glumes 
on the part of the 
spindle which remains 
bare (Fig. 114, B g). . 

Fig. 1 14 A repro- 
duces a case in which 
the lower glumes are 
normal and green. The 
upper ones are normal 
in size and form but 
have a reddish, straw- 
colored appearance; the 



Fig. 114. Different forms of sterility. 




of individual development, are injured differently, according to the extent, 
to which they have penefrate.d into this injurious air layer. 

It is thus evident that sometimes the lower part of the head will become 
bare, sometimes the upper part. In the best developed, tallest plants, in 
which the heads, standing on the longest stalks, are already above the 
injurious air layer, the heads remain perfectly uninjured; only the upper- 
most section of the stalk has a pale band. 

In discussing the cause of this sterile-head condition, the supposition 
would seem most pertinent, that the disease is caused by the fungus, recog- 
nizable on the ftand and especially on the spindle of the head and appearing 
in salmon-colored ridges at the places of attachment of the blossoms. 

This hypothesis, however, is erroneous since even greater injuries to 
the spindle have been observed when the presence of the fungus could not 
be proved, bn this account, this fungus, which belongs to the genus Acre- 




monium, is to be considered as a secondary infection, just like the almost 
omnipresent Cladosporium. 

If now the injured spindle is examined in those places which Acre- 
monium hasmot infested, the pictures reproduced in Figs. 115 and 116 are 
obtained. Fig. 115 represents a cross-section through an intemode; Fig. 
116, one through a node of the head spindle; e indicates the epidermis; A, 
its hairs ; y, a healthy vascular bundle ; y', a bundle with shrivelled brown 
walls; yr, vascular bundle sheath; b, bast parenchyma; hg, wood part of 
the bundle ; u, deep brown tissue between the two large ducts, which is very 
sensitive and is proved to be injured first by various causes; />r, •healthy 
prosenchyma cells ; pF, the same with healthy walls but brown, filled lumina ; 



Fig. 116. Cross-secUon through the node of the sterile stalk. 


pr", prosenchyma possessing colorless cell cavit.es but deep y browned wah 
parenchyma cells in the epidermis and bark tissue with yellow, th cWy 
swollen walls and barely distinguishable lumina; n, elongated cells near the 
gum-like, swollen tissue centres; W, basal part of a head which separates 

tretare parts of the head spindle, all those forms of injury 
are found, which are noticeable in the lower nodes of all frost-, njured 
grains oniy instead of clefts in the tissue, swellings of tlft membrane pre- 
Lminate. These are especially extensive at the places of attaAment of 
the heads because much more abundant parenchyma Ussue ,. e., t.ssue mor 
susceptible to frost, is present there. And such gum-hke, sto len tusue 
centm Ik deep in the interstices of the sptndk. By means of this ana- 
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tomica! condition, the sterile heads, dusto frost, are differentiated from the 
similar, well-known injuries to the heads due to thrips, the suction-points of 
which remain superficial.. At any rate, thrips are found not infrequently on 
heads injured by frost since these animals seek out weakened organs; but 
their usual small number and the change in the tissue of the spindle leaves 
no doubt that the infection is secondary. 

The fact that I have succeeded in producing, by artificial frost, all the 
injuries to leaf, stalk and head described here is decisive. All the different 
forms of shrivelling of the grain could also be produced experimentally. 

Tl*e condition of sterile heads due to frost occurs only in different 
years and not extensively except in definite localities. 

The thought that only certain parts of the stalk are injured by frost, as 
must be presupposed in the condition of sterile heads, at first seems strange, 
but one at once becomes more familiar with it if the affected regions are 
examined. Either the ba.sal part of the head, which appeared last from the 
sheath, together with the adjoining upper part of stalk, is, affected, or the 
part of the internode lying directly under the node, showing the frost band. 
The parts named, how'ever, are the most tender and susceptible of the 
whole stalk and we find analogous phenomena also in dicotyledonous plants 
where the stems of the blossoms and fruit are injured and blackened only 
directly at the base of the blossom, while the older part remains healthy. 

It could not be determined by observation what atmospheric conditions 
must exist in order to produce interrupted heads or bands on the stalks, 
because attention was not called to the phenomenon until some time after 
the action of the frost. Some of the meteorologists consulted incline to the 
opinion that dew ^lays a part in this. 

Frosty nights in May are usually windless and the injury to the plants 
results from the cooling down of the organs by their radiation of heat, The 
upper surface of the soil itself cannot he cooled dowm very greatly in a 
close standing rye field since it retains its daily warmth for some time 
through the mantle formed by the air, found between the stalks, which can 
be moved with difficulty. The greatest amount of cooling through radiation 
can take place only in the upper part of the stalks. These, however, are 
covered by the evening dew. The morning wind rises suddenly with the 
sunrise and starts a rapid evaporation of the dew. The cold, due to this 
evaporation, can fall even below the freezing point. The places with a 
lesser amount of dew, the parts w'hich are protected by other stalks lying 
in front of them, thus remain protected from this cooling down to the freez- 
ing point. The distribution of the dew on the same part of the plant, 
however; will differ since the places which, through bending, are inclined 
more horizontally than others, will retain even larger amounts of dew. 
Among the organs exposed to the freezing temperature, however, only 
especially tender ones will suffer. This explains the fact that on a head 
isolated places alone can be injured. In addition to the fact that the base 
of the head is proved to be the most injured, the circumstance that the 
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frost does not injure the organs ricffest in cytoplasm first but, under similar 
conditions, those poorest in it is a further explanation. 

The grains at the base of the head are, however, the most poorly nour- 
ished and poorest in cytoplasm, as may be recognized in any healthy head 
of grain. 

As a result of a conversation with the director of the German Naval 
Observatory, Admiral Herz, the latter sent me later, most kindly, the fol- 
lowing explanation ; “In a stand of plants, whether high or low, the soil 
is, on the one hand, protected against the nocturnal radiation, while, on 
the other hand, this radiation takes place strongly from the surface of the 
plantation and, because of poor warmth conductivity, is very effective. 
However, the air, cooled near the leaves, sifts down through the plantation 
just as on declivities it sinks into depressions in the soil. It is, therefore, 
very conceivable that the lowest air temperatures begin somewhat below 
the upper surface of such a plantation, especially if its denseness increases 
towards the ground, or if the tips are protected from too extensive cooling 
by a light wind.” 

The way in which the processes actually take place out of doors which 
bring about the injurious cooling of different horizontal air layers at con- 
siderable distances from the upper surface of the soil is left for further 
observation. The experiment, in which a wooden cylinder, with a mantel 
containing a cold mixture was set over the up()er part of the blossoming 
rye stalk, proves that the condition of sterile heads is produced by such 
action of the frost. Because of the impossibility of rapidly mixing the 
individual horizontal air layers in the freezing cylinder it was proved that 
only a definite zone was so cooled down that it brought about the described 
injury to the heads. 

We conclude, for example, from Nordlinger’s observation' that the 
injuries take place in forest trees and indicate the existence of a layer of 
air, which causes death from frost above the warm surface of the soil. 
Ndrdlinger found in June, 1862. in the Hohenheimer Oberen forest young 
shoots of willow, oak and aspen frozen at the base of the petioles, and in 
August, 1883, several kinds of willow, especially S'alix [ragilis, when there 
had been no night frost. 

Phenomena of Movement Due to Frost. 

In many plants surviving frost peculiar phenomena of movement result 
from freezing, which disappear again with thawing. Goppert' mentions 
Linneus' observation that the leaves of the milkweed {Euphorbia Lathyris) 
bend their tips backward until the leaf lies against the petiole. The leaves 
of the wall-flower {Cherontkus Cheiri'j look wilted in the frozen condition 
and often bent, but after thawing they regain their former consistency and 
position. 

1 NSraiinger, H., Lehrbueh des Forstschutzea. Berlin, P. Parey 1884, p. 347. 

2 Warmeentwicklung in den Pfianzen, p. 13. 
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VVittrock' perceived in the phenomena of movement a protection 
against the cold of winter. For example, the evergreen root-leaves of 
numerous plants bend backward and downward so that at last the outermost 
part of the under leaf surface seems pressed against the soil ; in summer 
they have a slanting position. This is especially clearly noticeable in Hypo- 
choeris maculalo L., Gntm urhanum L., Cerefalium sativum L., and others. 
Also a few early spring plants like Ranunculus Ficaria L. behave similarly. 
Hartig recognized in these phenomena rather a wilting of the parts of the 
plant, resulting from the limpness of the cells, from which the water has 
been frozen out into the intercellular spaces. Since the freezing of the 
water in the various parts of the organ will differ according to the age and 
maturity of the tissue, the difference in the movement, due to frost, might 
be explained in this way. 

Such phenomena of movement, however, seem in no way connected 
with the formation of ice and are only extreme cases of thcrmonastic reac- 
tion which, as Pfeffer- states, are expressed in the nocturnal drooping of 
the blossoms, leaves and shoots, Vdchting'‘ observed in Mimulus Tilingii 
Rgl. that shoots of a certain age grow upward in the spring with a high 
temperature or maintain a horizontal direction with a low one, while in 
case they have developed an upright position, they reassume the horizontal 
one. Light and humidity have no influence. He believes that with con- 
tinued low temperatures the plant might develop only creeping shoots on 
which blossoms are never produced. This sensitiveness ceases in the blos- 
soms which are termed psyclm-clinic. Lidforss* concludes from numerous 
observations on Holosteum, L'amium, Veronica, etc., with which klinostatic 
experiments w'ere jilso made, that in such movements not only changes in 
turgor are concerned hut actually the effects of stimulation. With a higher 
temperature the petioles are negatively geotropic, but in temperatures below 
6 degrees, they arc dia-gcotropic and cpinastic. Here, howev'er, the light 
acts as a modifier since, with its exclusion, the petioles, in spite of the lower 
temperatui e, arc no longer dia-geotropic but negatively geotropic. 

The movements of the peduncles of Anemone nemorosa are, on the 
other hand, of a purely thcrmonastic nature. They curl downward with a 
lower temperature but stand upright with a higher one. 

In petioles and leaf surfaces, the resumption of a horizontal position is 
often noticed, or a bending backward below the horizontal plane on taller, 
upright axes. In this, however, we wish to emphasize the fact that the 
movements take place usually in the points and are not always of the same 
nature in the same plant. It can happen that, in compound leaves, some of 
the leaflets turn upw'ard while the majority bend downward; that, therefore, 

1 Bot. Ges. zu Stockholm. Sitz. v. 24. Oktob. 1882; cit. Bot, Centralbl 1883, 
No. 60, p, 350, 

2 Pteffer, Pflanzenpbyslologle, M edition, v. II <1904), p, 495, 

a Bot, Jabresb, 1898, I, p. 582. 

4 I.idforBs, Bengt. fiber den Geotropismus einiger FrOhJahrspflanzen. Jahrb. f. 
WJS8. Bot., V. 38, 1902, p. 343. {Z. t. Pflanzenkrankh. 1903, p. 277.) 
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sometimes the morphologic upper sicje, sometimes the under side of the joint 
cushion is shortened. Among the changes appearing especially clearly with 
ice formation, the curling of the leaf surfaces should be emphasized. An 
example very easily observed is furnished by our Rhododendron. Harsh- 
berger* describes a case of Rhododendron maximum in which the petioles 
sank to 70 degrees while the edges of the leaf curled backward so much 
that the upper surface appeared convex. If the plants were brought into a 
warm room, their leaves resumed their normal position after 5 minutes. 
Hartig ascribes this process to a peculiar irritability of the cytoplasm while 
I assume differences of tension between the differently constructed layers 
of tissue. 

In many woody plants a movement of the branches and twigs propor- 
tionate to the degree of cold is found. According to Caspary^ Acer 
negundo and Pierocarya caucasica direct their branches upward, while 
Larix, Pinus Strohus and Tilia parvifulia lower their branches. Aesculus 
Hippocastanum and Aesculus Hippocastanum rubra, as well as Carpinus 
Betulus lower their branches with a slight degree of frost and raise them 
again when the cold becomes greater. .Simultaneous with this raising and 
lowering is a lateral motion, in some varieties toward the right, in others 
toward the left. In Cornus sanguinea Frank’ found that the one to three 
year old branchlets became wavy and twisted above each other. Most of the 
twistings were found to be clearly directed toward one and the same point 
of the compass so that Frank concluded it was the effect of a current of 
cold air coming from a certain direction. 

As stated above, we might seek the causes for the movements in leaves 
and petioles, as well as in branches, in differences of tension which takes 
place, partly because of changes in turgidity, partly from unequal contrac- 
tion of different tissue forms within the same organs due to the appearance 
of cold. 

An experiment which 1 carried out with Aesculus Hippocastanum 
proves that an increase of turgidity of the parenchymatous tissues in "leaf 
•wilting due to frost" can, under certain circumstances, again cause the stif- 
fening of those leaves. 

A three year old potted specimen was put into a warm place in Febru- 
ary. It developed very vigorously until the middle of March so that the 
terminal shoot, 14 cm. long, had developed six leaves. The largest leaflet 
of the two youngest leaves was 2.5 cm. long and in the lower, older leaves 
the length of the petiole was from 5 to 9 cm. 

The plant was put. out of doors on March 14th. The following night 
the temperature fell to 2.5 degrees C. below zero, and the next morning a 
sharp bending or breaking of the petioles was noticed on four of the older 


1 Harshberger, John, Thermotrophic movements of the leaves of Rhododen- 
dron maximum; cit. Bot, Jahresh, 1899, II, p. 141. , r „ 

s Report of the International HortU-ultural Exhibition, etc., London 1866; cit. 
in NftnJllnger, Forstbotanik, I, p. 201. 

’ Frank,. A. B., Krankheiten d. PBnnzen. Breslau 1895, v. 1, p. 187. 
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leaves, approximately in the centre or .somewhat below it. The places of 
breaking were flatly compressed and began at once to become flabby. The 
tips of the leaflets, which otherwise did not appear wilted, were flabby, on 
the broken leaves and began to turn brown. 

.Since such a breaking of the petioles had not been observed previously, 
this plant was again placed out of doors on the night of the 2i-22d of 
March. The temperature fell to 7 degrees C. below zero and the next 
morning the leaflets of all the leaves hung downward at a sharp angle. The 
youngest leaves showed this phenomenon the least of all. Even in a still 
frozen Condition, no part of the young growth seemed brittle, or of a glassy 
consistency, so that any conclusion as to a. formation of ice crusts in the 
tissue was scarcely possible. The leaflets were soft and flabby, of a grayish 
green color, and the petioles, as long as the plant stood nut of doors, curved 
downward sharply but were not broken. The breaking took place only 
after some hours indoors and, indeed, as in the first observed injury, near 
the middle of the petiole. This place shrivelled at once and turned brown. 
At the same time all the leaflets, with the exception of the youngest, began 
to turn black, starting at their place of insertion, and the tips curled upward 
and became dry. 

The processes of breaking must be traced back to a lever action con- 
nected with decreased turgidity, for, as soon as some of the leaves, broken 
by weak frost action, were removed and placed in water, they lost the ap- 
• pearance of wilting in spite of the broken place, and a great stiffness of the 
tissues set in. To be sure, the leaflets retained their downward inclination, 
peculiar to the youthful stage, but their intercostal fields curved outward 
strongly between the veins and their side edges began to turn under. 

The wilting and breaking is explained by the inner phenomenon of 
cleavage in the pith body of the petioles. In the chestnut the petiole has a 
structure similar to the trunk, inasmuch as it possesses a closed circle of 
vascular bundles which completely and uniformly surrounds the broad, 
colorless pith disc and passes over into it in a gradation similar to the pith 
crown. Even after the w'eakest frost action it was noticed that the pith 
body of the petioles which had not yet broken, contained holes, usually of a 
radial arrangement, and seemed ready to break, because of the limpness of 
the corresponding place. This occurred near the base of the petiole. Be- 
cause the vascular body, running through the centre of the pith disc and 
consisting of twm or three bundles, remained intact and the tears in the pith 
parenchyma ran radially to all sides, a peculiar star-like figure of cleavage 
was sometimes found. In the leaves, which had been broken only after a 
second, stronger frost action, the splitting of the pith disc at times was so 
strong that the central vascular bundle cord was connected with the peri- 
pheral vascular bundles only by a slender parenchyma strip and all the rest 
of the pith disc had been dissolved. The holes were continued, not infre- 
quently, in or between the peripheral vascular bundles and formed splits 
which extended to the edge. Within these occurred also tangential out- 
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pushings of two to four outer eollenahyma layers, with a tender, inner tissue. 
The latter tissue was seen to be rich in chlorophyll and at times, in fact, 
showed still definite chlorophyll grains. Similar disturbances could be 
proved also in the midribs of leaves more greatly injured. ' 

Here the phenomena of browning were first perceived in the walls of 
the ducts and then in the various peripheral groups of the bark. 

In wilting out of doors, due to frost, naturally such an increased supply 
of water, as obtained here in the experiment by placing the cut leaves in 
water, cannot take place and, on this account, the wilted organs retained 
for some time, or permanently, the wilted condition, especially if a splitting ■ 
of the tissue and changes in the ducts reduced the conductivity. This can 
take place differently not only in 
the different varieties and individu- 
als, but even in the different 
branches of the same specimen. 

.'kn example of this was furnished 
by an elm which stood in a pot 
and in winter was brought into the 
hothouse for forcing. The little 
tree, which had been exposed to 
a frosty night at only i degree C. 
below zero, had developed two 
forked apical branches which ap- 
proximately corresponded to one 
another in length, leaf number and 
size. In this frosty night, however, 
only scattered leaves of one shoot 
had begun to wilt hut did not 
change color. The relaxed organs 
did not recover after several days 
retention in the warm room but 
showed no advance of the wilting. 

It is clear from this that mlting due to frost is a very local phenomenon 
not directly connected with the upward forcing of water by the root. 

In the phenomenon of the movement of twigs the different kinds of 
movement may be easily explained if tlie structure of the individual branches 
is more closely observed and it is seen how, in the maturing of the annual 
rings, the thin-walled spring wood (Fig. Ii8) constantly changes to a thick- 
walled autumn wood with small lumina. In this connection the studies of 
R. Hartig' should be compared showing the change from thick-walled, red 
wood to the light, porous strain wood within the same cross-section of a 
spruce branch. In the adjoining Fig, 1 17 the red wood is found especially 
strongly developed in the first annual periods on the upper side of the 
branch. In later years these showed a sudden change, since rather the 

I Hartig, R.. Holzuntersuchungen. Berlin, Springer, 1901, p. 50. 



FiK. 117. Cross-section through a spruce 
branch. In the Inner part of the wood 
disc the solid red wood is shown on the 
upper side of the branch but in the outer 
annual rings it is seen on the under 
side. (After R. Hartig.) 



Fig. 119. Croas-sectlon through strain wood on the upper surface of 
a spruce branch. (After R. Hartlg.) 
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under side. of the branch appears dark because of the dense formation of 
red wood. We perceive in the anatomical pictures in Figs. Ii8 and 119 
the different structure of the elements of the ‘‘red wood” and ‘‘strain wood.” 

We obtain from R. Hartig reports, well worth considering, as to the 
production of such differences. He slates that, for example, in trunks with 
an eccentric growth, the formation of the annual rings is especially strongly 
developed on the branched side. The formation of red wood is proved to 
be often dependent upon the prevalent direction of. the wind, since the side 
away from the wind favors red wood formation, If the west wind, for 
example, strikes a spruce constantly, the west side will be strainecf. The 
east side, toward which the tree is bent, is more strongly pressed and incited 
to a stronger formation of red wood while the windy side, stretched by the' 
bending of the trunk, produces strain wood. Every branch will show just 
such differences, for the weight of the needles will bend it downward. Its 
morphologically upper side, therefore, is under a constant strain which 
exercises a stimulus on the cambium. This consequently forms thinner- 
walled, less woody but longer tracheids and these represent the "strain 
wood.” 

Besides the action of the wind, the formation of the wood on every 
branch is influenced by its surroundings. Shade from other trees, or prox- 
imity to cliffs or walls, the one-sided effect of greater moisture, partial 
defoliation due to the grazing of animals, or other one-sided changes in the 
nutrition of the branch will call forth a lack of uniformity in the quantity 
and quality of the annual ring. From this it is clear that, in the action of 
cold, the contraction of the tissue must vary greatly and the depression of 
the branches must be very manifold, according to the distribution of strain 
and red wood. Therefore, the observations made by different investigators 
can have no general significance but should only be registered for the 
present as individual cases. 

We will discuss thoroughly the differences due to strain in the section 
on "Internal Cleavage." 

Freezing Back of Older Branch Tips. 

A freezing back of the branch tips is found in some of oqr woody 
plants, almost as regularly as defoliation. Mulberry trees, acacias and 
raspberries furnish the commonest examples of this. We owe more exact 
studies on this point to v. Mohl’, who refers to the different stages in which 
our woody plants are found at the beginning of the winter. 

In many plants the growth of the branches continues undisturbed so 
long as the conditions are at all favorable for further development. This 
• growth only stands still during the period of cold and, as soon as the tem- 
perature allows, begins again immediately at the point where it stopped in 
the autumn. This is the case in the ivy (Hedera Helix) and the Savin 


r Bot. tZeltung 1848. p. 6. 
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(Jmiperus Sabina). In many trees tlje developmental period of a branch 
ends of itself towards the close of summer. In this a terminal bud is 
formed which, the following spring, takes over the direct continuation of 
the branch, as in fruit trees, oaks, ashes, spruces and firs. In our culti- 
vated plants the case often occurs when a second shoot {J ohannesirieb) is 
developed in the same year. This not infrequently produces unripe wood 
which freezes easily in winter, while the wood of the spring shoot is always 
completely matured. A third large group drops the tip of the branch all 
at once in the course of the summer while unfolding, where the develop- 
ment is otherwise perfectly normal. The continuation of the branch is 
then taken over in the following year by the uppermost, lateral bud as 
shown in Gymnochdus canadensis and Ailanthus glandulosa. Further 
examples are offered by the linden, the elm, the plane and the hazelnut. 

V. Mohl proved that the trees, the tips of whose twigs almost regularly 
freeze, belong to this last group. Specimens, for example, in Rome have 
regularly thrown off the tips of their branches in October and thus have 
actually closed their period of growth. This happens in the case of the 
linden. In trees of this group, which are favorites in planting, such a 
normal ending of growth <loes not take place in the majority of cases. This 
indicates that our summer is too short and too cold for them to reach full 
development. 

Frost, therefore, ahvays attacks immature growth.. Here belong 
Robina Pseudacacia. Gleditschia, Sophora japonica, Broussonetia papy- 
rifera, Morus alba, Satix babylonica and Vitis vinifera. If the twigs are 
to be retained, their premature defoliation would be advisable. Thus, for 
example, according to the observations of Lawrence' in the winter of 1708- 
1709, of all fruit trees, only the mulberry survived because its leaves had 
been picked for feeding the silk worms some time before the occurrence 
of the cold. 

In our fruit trees, the dying of the branch tips, as a result of the 
occurrence of winter cold, is usually termed tip blight. Not infrequently, 
however, a resulting phenomenon is associated with it, which first makes 
itself felt in summer. If 'it happens in many branches that only the espe- 
cially dejicate basal rings are injured, these branches, as a rule, develop 
further and the blossom buds already formed develop fully. About June, 
however, a yellowing of the foliage appears, a dropping of the fruit already 
set and a drying of the twigs. As a result of the injury to the branch ring, 
the conducting of the nutritive substances is disturbed and the branches 
themselves remain alive only as long as reserve substances are present. 
After these are used up the branch dies. 

In grapevines the case in which the vines freeze back to the old wood » 
deserves especial mention. There then develop from the base of the trunk 
uncommonly luxuriant shoots which, it was formerly thought, would be 


1 QQppert, Warmeentwlcklung, p. 5. 



555 


sterile in the next year and only bqjr fruiting wood the year after. Op- 
posed to this theory, the investigations of Miiller-Thurgau' have shown 
that such wood, even in August of the year of its production, can form 
fruit buds and that the treatment of the vine is to be planned accordingly. 

The Dying of the Chf.rry Trf.f,s Along the Rhine, 

As a special example of the phenomenon previously described, we will 
consider the disease of the sweet cherry in the provinces of St. Goar, St. 
Goarshausen and Unterlahn which has been much discussed since the be- 
ginning of this century. 

According to the material" which 1 obtained from that region, and 
cases which I observed elsewhere, the phenomenon appears as follows: 
a turning yellow of the foliage of some branches, or of the whole crown 
sets in rather suddenly and usually with the appearance of considerable 
gum exudation: the branches, or even the whole trunk, die. Often the 
tips of the branches develop further while the rest remains bare. Micro- 
scopic investigations determine a high degree of gummosis; gum holes 
can be found even in the youngest shoots. In the wood and in the bark 
body, the phenomena of browning are often found, which we will discuss 
later when describing the action of artificial frost. Indeed these are 
provable often in the apparently healthy shoots, leaves and fruit stems. In 
older trees definite forms of tissue clefting are frequently found which 
correspond with those produced by artificial frosts. Because of this dis- 
covery, I am of the opinion that not only in the "Dying of the Rhenish 
cherry tree,” but also in similar cases which appear often but usually to a 
lessef extent, frost action at the time of the spring growth is to be consid- 
ered as the actual cause. 

Gdthe^ who agrees with our theory, describes as follows the weather 
conditions for the localities tying along the Rhine, in the year when the 
disease appeared : "The cherries were already in bloom when on the 22nd 
of March they were surprised by a drop in temperature to 9.7 degrees C. 
below zero. In the course of the spring abnormally strong fluctuations 
took place between great cold and great warmth.- I consider such weather 
contrasts to be the cause of the very numerous cases of subsequent disease 
which, in the stone fruits, are almost always connected with strong gum- 
mosis and are accompanied by infection with wound parasites or parasites 
of weakness. Also, for the special case on the Rhine, such a fungus Valsa 
leucostoma was at first made responsible'*. Soon after, however, Wehmer" 

1 MUller-Thurgau, filler die FruchtbarReit der aus den alteren Tetlen der Weln- 
stBcke hervorgehenden Triebe, sowle der aog. Nebentrlebe. Der Welnbau 1882. 
No. 28. 

s Sorauer, P., Das Kirschbaumsterben am Rhein. D. Landwlrtsch. Presse 1900, 
P. 201. 

• Oethe, R, Das Absterben der Ktrschenbaume In den Krelsen SL Goar, St. 
Goarshausen u. Dnterlahn. D. Landwlrtsch. Presse 1899, p. 1111. 

* Prank, A. B.. In D. Landwlrtsch, Presse 1899, No. 88, p. 949. 

« 'Wehmer, Zum Kirschbaumsterben am Rhein. D. Landwlrtsch. Presse 1899, 
No. 96. 
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drew attention to the fact that this fijngus, which Frank at first had de- 
scribed as Cytosporo rubesccns, was not able to produce the disease but 
should be considered as a secondary phenomenon, just like the simultaneous 
occurrence of bacteria. Aderholt^ first cited the experimental proof that 
Valsa is not able to penetrate at once into healthy tissue. This investi- 
gator found, in his artificial freezing experiments, that the co-operation of 
late frosts was unmistakable in the growth of fungus. 

• In regard to the above named fungus, Aderholt is of the opinion that 
if the fungus requires, for its infection, the injury produced by frost or 
some other good cause, it still is able to strengthen itself later so much that 
it can spread parasitically. This theory agrees perfectly with that of 
Vuillemin= in regard to the cherry disease observed in Lorraine in 1887, 
which bears great similarity to the one here discussed; Coryneum Beijer- 
inckii is named as the cause, and the author associates with it Ascospora 
Beijerinckii as the ascospore stage. It would thus seem to be the theory 
of the above investigator that climatic causes have produced the condition 
for the disease but the fungus produced the disease itself. Accordingly, 
in combatting this disease, all wood infested with Valsa or its conidial 
form, the Cytospora, must be carefully destroyed. 

However, we obtain an insight into the real relation of this fungus to 
the disease only from the very recent inoculation experiments which 
Liistner^ has carried out. Among others, he took two small cherry trees 
of different varieties and broke back their crowns. The end broken and 
the piece of the trunk left standing were inoculated with the conidia of the 
fungus and also later painted with water containing them. Since the crowm 
did not die back as a result of the breaking, it was later cut off and tied on 
to the trunk. By the end of October the fungus, as shown in Fig. 120 at 
the places marked with an X, had spread over the broken and dead end of 
the tip, while the remaining part of the trunk, although inoculated in the 
same way, remained perfectly healthy and continued to grow. The wound 
due to inoculation had healed normally. 

Liistner quotes similar results from Beijerinck and Rant‘, who could 
not produce a gummy exudation on peaches and cherries with Cytospora, 
and report nothing as to the death of the inoculated branches. 

Supported by these experiments and my personal observations, I con- 
sidered not only the disease under discussion but also the others produced 
by varieties of Valsa, or their pycnidial forms, as occurring with the 
co-operation of parasites of weakness, in which only the appearance of 
disease was determined by the fungus. The fungi are able to infest the 


1 Aderhold, R, tJber daa Kirschbaumsterben am Rhein, seine Ursachen und 
seine Bek^mpfung. Arb, d. Blolog. Abt. f. L>and- u. Forstw. am Kais. Greaundheit- 
samte. Berlin 1903, P. Parey u. J. Springer, v. Ill, Part 4. 

•loan* Vuillemin, Paul, Titles et travuux sclentlfiques. Paris, Typographle, A. Davy 
lo90, 40, 

^ J LUstner G., Beobachtungen uber das rheinlsche Kirschbaumsterben. Bericht 
t' V iftAc Wein-, Obst- und Gartenbau zu Qelsenhelm a, Rh. f. d 

Jahr 1906, von Prof. Wortmann. Berlin, Paul Parey 1906, p. 122. 

* Centralblatt fur Bakterlologie und Parasitenkunde, Part II, v. 15, p. 374, 
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branch only when it has become diseased, or at least weakened, as a result 
of disturbances in nutrition due to atmospheric or soil conditions. On 
such a foundation nti further injury is needed for the penetration of the 
fungi ; this can take place also through the lenticels. The disturbance in 
nutrition, which must of necessity e.xist previous to the infesting by such 
parasites of weakness, is not always necessarily caused by frost. Unsuitable 
habitat and excess of moisture or drought, etc., can just as well give the 
first impetus. Lfistner considered the last named factor as the cause of 
weakening in the cherry trees on the Rhine, while I would rather hold to 
the thdory that, in the majority of cases, injuries due to frost, and in fact 
those which take place in spring, represent the primary cause. 

Accordingly, I see only a very slight consolation in the careful destruc- 
tion of the parts attacked by fungus. One should not forget especially 
the ubiquity of the Cytosporeae and similar groups of fungi. Th8 main 
point is the cultivation of varieties which hove adjusted themselves to a 
definite locality. Besides this one should experiment to see whether the 
sensitiveness to frost can be decreased by an addition of calcium to soils 
rich in humus. 


Branch Bi.icht in Forest Trees. 

I judge in the same way, as in the dying of the cherry tree, a disease 
which Fuckel has observed in apricots and peaches. A characteristic yel- 
lowing and wilting of the foliage with a subsequent dying of scattered 
branches began in Jqne. Fuckel considers Cytospora rubescens as the cause 
and Valsa prunastri Fr. as the perfect stage. 

Of the better known occurrences of diseases of this character. I will 
add here “the black bli(jht of red beech shoots." According to Willkomm' 
the cause of the dying of the shoots, which turned black at the base, should 
be sought in a fungus which develops a conidia form like Fusisporhm 
candicum Lk. and may be associated with Libertella faginea Desm. The 
perfect stage would accordingly be Qualernaria Perscoonii Tul.“ 

The dying of the pyramidal poplars which was found in varying inten- 
sity through northern and central Germany aroused discussion at the begin- 
ning of the 8o’s in the last century. A similar occurrence had been 
observed in England between 1820 and 1840’. Younger shoots had brown 
places in the bark under which the wood body also was usually attacked. 
The leaves became yellowish and limp and the branch died. 

Among the different theories which were brought forward to explain 
the phenomenon, the degeneration of the species through continued sexual 
propagation played a chief role. Although much reference was made, from 
the beginning, to the fact that a late frost might be taken as the cause, 

1 Wlllkomni, Die mikroskopischen Feinde des Waldes, 1866, Part I, p. 101. 

^ Selecta fung-. carp. II, p. 105. 

1 Biolog. Centralbl. XI, 1891, p. 129. 
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which in spring had injured the but little matured branches*, the theory 
that a discomycetous fungus Dothiora sphaeroides Fr. produced the dying= 
finally prevailed. In other places a different fungus, Didymosphaeria 
populina, was made responsible for it’. Vuillemin* cites Maminia fimbriata 
in the dying of the twigs of the hornbean and Dtdymosporium salicinum 
as the destroyer of willow plantations. Finally we will call attention once 
more to the dying of the red alders described by AppeF as due to Valsa 
oxystoma, which fungus can complete its work of destruction only in speci- 
mens weakened by disturbances in nutrition. 


Freezing of the Spring Growth. 

If late frosts surprise the tree at a time when the leaf buds have began 
to elongate, or have already developed into short shoots, repeated injuries 
and also phenomena of regeneration will then set in. A case which I have 
found frequently in cherries shows the dying of the youngest growing 
point in the opening leaf bud. The injury is not noticeable at first since all 
the leaf buds have remained intact, .^fter some time, however, a peculiar 
spreading appears, called forth by the turning back of the very turgid 
bracts and the absence of growth excites investigation. Later, sickly, 
lateral shoots appear from the uninjured lateral buds and at times also a 
fasciated growth after such spring injuries. 

1 succeeded not long ago in producing the same kind of disturbance 
by the action of artificial frost. Fig. 121 represents a cherry branchy in 
which three buds have lost their growing points from frost. The vegeta- 
tive activity, very energetic in the spring, has so made itself felt in the two 
upper buds that the bract-like, early leaves have become larger, a darker 
green and fleshier and have spread out from one another almost hori- 
zontally. At the lowest bud there is a beginning of two lateral compen- 
satory shoots. 

In Fig. 121 B the condition of the bud with a frozen growing point is 
more exactly reproduced. The growing point (a) is blackened and dried 


1 The explanation of this disease as a result ol frost has been substantially sup- 
ported by the observations of Count von Schwerin (GartenBorn 1505, Part 5, p. 400). 
He proved, on an Italian trip, that south of the Alps the pyramidal poplars were 
not diseased, 1. e. no degeneration of this tree could be observed In its present home. 
Its death, occurring in bands throughout Germany, is explained simply as the result 
of spring frosts repeatedly occurring at the end of the ’70’s after long, damp and 
mild autumns. Of the earlier observers Hausknecht (Hot. Ver. f. Gesamtthilrlngen; 
cit. Bot Centralbl. 1884, p. 275) had already called attention to the fact that the 
dying shbwed itself almost entirely in the river valleys and depressions, but spared 
higher positions. We find another valuable note by Pertsch in St. Petersburg 
(Deutsche Gartnerzeitung 1884, No. 10). He found on a trip through northern, 
western and central Germany that the length of the dead tips became constantly 
shorter, the farther south he went. The tact that Populus pyramidalis is not found 
in St. Petersburg, while P. alba, P. laurifolia, P. suaveolens, P. Baliamea, eta. thrive 
there shows that it Is more susceptible to frost than most of the poplars. 

2 Rostrup, Pyramidepoplens Undergang. Tlllacg til Nationaltldende 13. Novem- 
ber 1883. 

« Vulllemin, P., Remarciues Otiologiques sur la maiadie du Peupller pyramidal. 
Revue mycol. 1892, p. 22. 

* Vuillemln, P.. litres et travaux scientiaques. Paris 1830. 

» Appel, 0., tfber bestandwelses Absterben von Roterlen. Naturwiss. Z. f. 
band- u. Forstw. 1904. 
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and is cut off by a cork layer within the boundaries of the living tissue. In 
the part of the axial cylinder which has remained alive, however, frost 
action is shown in the form of horizontal splits in the pith (Fig. 121 B, 1 ) 
and a browning which must necessarily retard its functions as a body 
capable of swelling. These are the reasons why the axis does not elongate 
again so quickly. The spiral ducts (17) which pass out into the leaves (bl) 



f’ig. 121. A. Branch of a sweet cherry. The buds, Injured by artificial frost, 
have thickened and fleshy scales, enlarged and bent away from one another. 
B. Ix)jigttud«nal section through an injured bud of the branch. 


also appear greatly, browned, but the parenchyma (p) of the bark body is 
but little injured and of unusual tenseness. Traces of starch were found 
here and there at the time of the investigation (June 21). It is clear that 
the almost fleshy bark body contains an excess of water and nutritive sub- 
stances and, accordingly, must take over an increased productivity. The 
greatly increased upward forcing of the water is also to be taken as a 
cause of the position of the bud bract and the bract-like leaves (bs), both 



of which have become longer livecf through the chlorophyll content of the 
inner tissue layers. 

In occurrences of this'iand. frequent in many years in certain locali- 
ties, it is noticed that, as a rule, the tip bud, which has already advanced 
farthest in development, can grow on undisturbed. Then the branches 
have a whip-like appearance, inasmuch as their tips are richly leaved while 
the lower internodes remain bare. Another phenomenon with which I 
became acquainted in older pear shoots consisted in a blackening and dying 
of the basal pants of the young .shoots which otherwise still appeared green 
and did not dry up until later. 

Potonie has given special study to the phenomena of the restitution of 
spring shoots lost through frost’. Different varieties of trees behave dif- 
ferently. In many varieties lateral shoots grow from the still uninjured 
basal buds of the frozen branch as, for example, in Castanea sativa Mill, 
and also in varieties of Celtis and Platanus. If the young shoot is entirely 
destroyed, a new foliage growth takes place in many plants by the forma- 
tion of "accessory sprouts" Many tree varieties, especially with increas- 
ing twig nutrition, form not one alone but a succession of buds in the axil 
of a leaf by the sprouting of the inner bud stem called “lower buds." 
These “lower” or "accessory buds" under normal conditions can develop 
only on strong shoots of some trees (Cercis). In disturbances, however, 
as for c.xample, severe pruning, grazing and frost, which destroy the shoot 
produced from the main bud, they also form the compensatory material 
in other trees, as for example, in Calycanthus floridus, Cercis Siliquasirum, 
Gyrrinocladus, Liriodendron tulipifera and Rohinia Pseudacocia, and de- 
velop as many as four “lower” buds hidden in the base of the petiole. On 
the other hand, compensation can also be secured from their so-called 
“fringing buds” formed the year before. These are the buds in the axils 
of the basal bud bracts which at times succeed in developing regularly as is 
perceived clearly in many varieties of willow. If the covering formed by 
the union of the two bracts drops off, an axial bud is found, corresponding 
to each half bract and this can form a compensatory branch when the 
main branch is injured. 

In other cases the tree must depend on the dormant buds of the shoots 
of the previous year for compensation, as may be observed especially with 
Rhus, Carya glabra Mill, and Juglans rupestris Engelm, while Carya amara 
Mich, and Pterocarya fraxinifoUa Lam. chiefly unfold “lower buds.” 
Conifers generally replace the frozen sprouts by the awakening of buds 
dormant up to that time, and also by a new formation of bud primordia in 
otherwise budicss leaf axils, especially those of the bracts at the base of the 
annual growth. 

No special limitation in the kind of compensation in frozen shoots of 
different varieties of trees can be made, however, since the strength of the 


1 Potonife, tJber den Ersatz 
und andere Sprosse. Sllzungsber. 


erfrorener Fruhlingstriebe durch accessorische 
d. bot. Ver. d. Prov. Brandenb. XXII, 1880, p, 81. 
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frost injury, on the one hand, and thS previous nutrient condition of the 
tree, on the other, together with a greater or lesser ease of adventitious 
bud formation, characteristic of each variety, call forth different compen- 
satory shoots in different cases. The more luxuriantly a variety grows, 
the more it inclines to the formation of “tower buds,” as can be observed 
frequently by the breaking of eyes on the main stem. 

In grapevines, regeneration takes place from the lateral buds if frost 
has killed the main ones. This depends greatly on the time of the frost 
action.. If the death of the main bud takes place so early in the year that 
it has used but very little reserve material in its elongation, then frequently 
the reserve material still present in tlie vine is sufficient to strengthen the 
lateral buds so that blossom buds can still be set. If, however, the main 
bud dies from a frost in May, strong shoots can develop, to be sure, from 
the lateral buds, but without setting blossoms. These shoots become fertile 
only in the next year. 


Fueezinc of Roots. 

Not infrequently, especially in wet places after open winters, the roots 
of very different woody plants are found to have been frozen while the 
aerial, axillary parts have remained alive. This phenomenon is e.xplained 
by the fact that the wood of the roots is softer and more porous than that 
of the trunk. The softness is due, on the one hand, to the fact that, at the 
time when the cold penetrated deepest into the soil, the growth of the root 
had not entirely stopped ; therefore the frost attacked still young, unthick- 
ened elements. On the other hand, however, the already matured elements 
of the wood body are not so tbick-wallcd as the corresponding parts of the 
aerial, axillary body. This is universally true without taking into consid- 
eration the nutriment and water content of the soil. That the degree of 
luxuriant development will also exert an influence on the sensitiveness to 
frost cannot be denied, but this influence, according to v. Mohl’s investiga- 
tions', manifests itself differently. 

A consideration of the annual range of temperature will give the 
necessary explanation in regard to the first point, the action of the frost 
wave on roots not yet dormant. ' 

It should be noted in advance that measurements of the tree’s tem- 
perature prove the dc|)endence of this temperature in the tree top on the 
fluctuation in the atmospheric warmth, while the temperature of the trunk, 
especially at the base and in thick barked varieties, Is very considerably 
influenced by the warmth of the soil’, since the water, necessarily rising to 

’ V. Mohl, Einig'e anatomischf iind physiologische Bemerkungen iiber das Holz 
der Baurawurzeln. Bot. Zeit. 1862, Noa. 29, 33, 34, ff. 

2 Breltenlohner and Boehm (SItz. d. Kais. Akad. d. Wiss. zu Wein, May 17th, 
1877) found that under usual conditions the temperature of the lower part of the 
stem is entirely influenced by soil temperature, but if transpiration is arrested, the 
temperature of the tree depends entirely on the air temperature. 
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make up for the evaporation of the»foliage'. has the temperature of the soil 
layers. R. Hartig- furnishes very clear proof of this. The branches were 
removed from one of two similar trees, on which the sun shone, so that in 
the current of evaporation they almo.st came to a standstill. The ther- 
mometer then proved a temperature of about 10 degrees lower in the tree 
on which the leaves had been left than in that from which the branches 
had been removed. After the removal of the branches of the second 
specimen, its temperature at once increased about 10 degrees. 

Since, in spring, the air lindy warms up very quickly, it soon increases 
the direct action of the sun s rays on the branches^ and keeps them at a 
temperature at which they can grow. The more intense and lasting the 
warmth in the air, the more the cambial ring is stimulated so that its pro- 
duction of new wood and bark elements e.\tends from the crown down- 
ward until, in April and May, it reaches the roots and then finally causes 
the production of a new wood ring. The time of the awakening, the 
thickness of the new wood ring and its maturation differ in different tree 
species. In fact, an individual difference disappears inasmuch as all speci- 
mens are not able every year to produce so much plastic material in the 
tree top that it will suffice for the nutrition of the cambial mantel of the 
roots. It then happens that the thicketiing ring, in such a lean year, 
extends from the top only to the base of the trunk where it tapers out to 
nothing, so that the roots in this year do not become any thicker. 

The heat wave and therefore the activity of the cambial ring gradually 
disappear in autumn from above downward, just as they had advanced. 
Since the soil remains warm longer than the air, the root has still oppor- 
tunity to continue its growth even if no longer so intensively. This 
explains v. Mohl’s observation that roots in December, January and Febru- 
ary are still active in thickening the cell walls of the last formed annual 

ring- 

Definite figures will give the clearest idea of this. v. Mohl found in 
the winter of 1861-62 that the root formation in a sweet cherry tree had 
not stopped by the 4th of April. In this the branch buds had already 
developed a length of more than 2 cm. and the new wood ring in the parent 
branch had so far matured its new ducts that' their pitting was recognizable. 

1 Ebcrmayer, Die physiknlischen Elnwirkungen des Waldes auf T>uft und Boden. 
I, AschafEenburg- 1873, p. 119-39. Measurements show that no essential difference 
exists between the temperature of the trees (breast high) and of forest soil. With 
increasing depth of soil and height of tree, however, the differences become marked. 
In general it is found that, from October to March, forest trees are colder than 
forest soil. “The roots in this period are the warmest part of the tree; the mean 
tree temperature decreases with increasing height and is lowest in the branches and 
twigs.” “In the summer half of the year (April up to and including September), 
conversely, forest trees are warmer than the soil, i. e., the temperature of the tree 
decreases from above downward and, during the day. Is highest in the twigs and 
branches, lowest In the roots.” The mean annual temperature of the tree fluctuates 
between 8.9 to- 6,7 degrees according to the elevation in the plane of growth. It is 
less than the mean air temperature and higher than the mean soil temperature of 
the forest 

2 Lehrbuch der Baumkrankheiten 1882, p. 177. 

* Compare Krutsch, Untersuchung iiber die Temperatur der Baume, etc. Jahrb. 
d. Kgl. Saehsischen Akad. zu Tharand, v. X, 1854. 



The wood cells lying between the ducts were still thin-walled and had only 
half their typical size. In the roots, however, the outermost wood ceils of 
the previous annual ring had not once been thickened. After the tree had 
blossomed, on the nth of April, investigation still showed no complete 
termination of the previous annual ring in the roots and not until the 26th 
of April did the roots become dormant. 

At the time the new annual ring in the branches of the previous year 
was already completely lignified and so thick that six successive ducts could 
be counted in a radial direction in the lowest part of the trunk, only a 
single Vow of ducts had developed and only the innermost wood cells were 
found to be thickened. In the main root, the annual ring of the previous 
year w'as complete and the cambium already prepared for renewed activity 
since the bark could be easily separated from the wood body : nevertheless, 
no traces could be seen of a new wood ring. The bark of the lateral roots, 
which were as thick as one’s little finger, could not be loosened. Thus no 
complete winter rest was present here. They lingered in this condition 
until the 30th of April, w'hen some of the leaves were already fully grown 
and a new wood ring in the main root had begun to develop young, still 
unthickened ducts. 

We will get an insight in regard to the second of the above mentioned 
points, i. e., the anatomically different structure of the roots, conditioning 
a lesser power of resistance, if we bear in mind the lime when the annual 
rings in the trunk would be developed in contrast to those of the root. 

In the trunk growth, the complete termination of the annual ring will 
take place so much the earlier in the year the higher it is in the tree top. 
Consequently its development there will consist chiefly of spring wood. 
Before the production of the annual ring has extended to the base of the 
trunk, summer has come and there is not much more time for the develop- 
ment of spring wood. Therefore, the differentiation of the annual ring 
must so proceed that (no matter whether it is thick or thin) the relative 
amount of spring wood to autumn wood decreases from above downward, 
i. e., relatively, the autumn wood increases toward the base of the trunk. 
This hypothesis has been actually confirmed by direct measurements made 
by V. Mohl', as well as by Hartig- and Sanio*. It should be added here 
that the thicker the part of the trunk is the higher the maximum of warmth 
it attains*. 

The firmness of tire base of the trunk depends upon the predominant 
formation of autumn wood. 

The character of the tree variety comes into consideration in the devel- 
opment of the root wood. In conifers, with their early termination of root 
growth, the development falls at a time of greater soil warmth and dryness 

1 loc. cit. 

2 loc. Clt, 

3 Jahrbiicher t. wissensch. Bot IX. p. 155if. 

* Ihne, tJber Baumtemperatur iinter deni Elnfluss der Insolation. Bot. Cen- 
tralblatt 1883, No, 34, p. 234, Vonhausen, Untersuchun^en uber den RIndenbrand. 
Allg, Forst- und .Jagdzeitung, 1873. 



565 

and, on this account, chiefly autumn* wood is formed. If much material is 
present, i. e., the annual ring I's broad, a strong autumn wood ring has been 
developed (v. Mohl). In deciduous trees in which the development of the 
root body is continued until the next year and, in fact, as has been shown 
above, often does not end before the blossoming time of the next growth, 
all differentiations are weaker and the boundaries of the annual rings less 
distinct. Since it becomes spring in the layers of the soil only after it has 
become summer above ground, spring wood is always formed in the roots. 
In the further advance of the annual ring, its development depends ajn the 
degree and continuance of the soil warmth and dryness. If a year has a 
long dry period, autumn wood is formed. If this is not the case, develop- 
ment is limited to spring wood, with only a weak beginning of autumn wood 
formation. Hence the porous structure of the slender ringed root. 

By briefly repeating what has already been stated, we can summarize 
the difference between root and trunk in deciduous trees, since first the 
annual rings in the root are much more slender than the corresponding ones 
of the trunk and, second, in the constant development of porous spring 
wood, these slender layers arc predominantly porous. In conifers the same 
difference is found between trunk and root, so far as the slenderness of the 
annual rings is concerned and, in the same way, the thicker the annual 
ring the more the autumn wood decreases in proportion to spring wood. 
The wood cells are everywhere longer and wider and their walls thinner 
in the roots than in corresponding parts of the trunk. 

Therefore, greater attention should be paid to the freezing of the roots 
because in this is found the explanation of numerous cases of summer 
death in individual trees and groups among those of the same age and of 
the same species. Trees w'ith frozen roots, like healthy ones, usually 
sprout in the spring and often develop normal shoots, even if they bear as 
a rule smaller leaves. Not until summer, but then advancing especially 
quickly, does a yellowing of the leaves begin and also a drying of the twigs. 
The water supply of the trunk is then used up by the transpiration of the 
leaves. 

Even in localities and varieties when no injury of the aerial axis is to 
be feared from winter frosts, fruit trees in pots should be brought into 
protect^ places, because of the sensitiveness of the roots and, in open land 
cultures, the natural protection from foliage and snow should not only be 
left but, if possible, increased. In planting tree plantations, it will only be 
possible to carry out the otherwise advantageous autumn planting without 
danger if absolutely hardy trees are used or the planting takes place so 
early in the autumn that, preliminary thorough puddling being taken for 
granted, rooting and a close packing in of the roots in the earth may be 
^sumed. DuhameT observed that a formation of fibrous roots can take 
place even in winter. This was later substantiated by Bindley. In less 


1 Des semis et plantations des arbres, p. 155r 
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extensive tree plantations, a deeper penetration of the cold can . be pre- 
vented by covering the loosened soil. It is a frequent but not universal 
discovery that the roots of recently transplanted trees suffer more from 
winter frosts than do specimens left in their original place of growth. 

Fkost Clefts. 

The temperature inside strong tree trunks can follow the temperature 
of the outer air only slowly and thus the inner part of the trunk is colder 
than the surrounding air from morning until noon but is warmer in the 
evenhig'. Then a contraction of the tissues, due to the appearance of cold, 
will manifest itself in the outer layers of the trunk while the core still 
retains its original distension. In this way, differences in tension arise 
which become the greater, the sharper the change in temperature. Now, 
with a fall in temperature, the wood body contracts more strongly in the 
direction of the circumference, i. e., tangentially, rather than radially, so 
that the peripheral mantel of the still warmer core of the trunk really 
becomes too tight. It must accordingly be stretched tangentially if it shall 
still entirely enclose the core. If, with increasing cold, it can not stretch 
sufficiently, it must split. In this way tears are produced in the bark of 
the tree which advance the deeper into the wood, the greater the cold and 
the difference between the cooled peripheral and the warmer central tissues 
of the trunk. In great, sudden cold, it has been found that some tree 
trunks crack audibly and then .show' long, deep gaping splits following the 
twisting of the wood fibres. Some varieties of trees show this phenomenon 
especially frequently. The horse chestnut suffers most of all; besides this, 
the oak, poplar and cherry should be especially emphasized. The cleft 
remains gaping only so long as the heavy cold lasts. With the appearance 
of w'armer weather the edges of the split approach one another, even closing 
the wound entirely. The wound, however, is almost never well healed and 
breaks open again the following winter. The process of healing is normal, 
since circumvallation rolls are formed from the cambium, the young wood 
and the bark, and strive to unite. In other injuries with free lying wound 
surfaces, these projecting overgrowth edges, however, do not find the space 
necessary for their extension, but are forced to grow directly against one 
another and to push out over the edge of the cleft wound. They therefore, 
from mutual pressure, form rolls projecting outward, depressed in the 
centre like lips, which are called "frost ridges.’ 

In Fig. 122 we see such a frost ridge on a strong trunk of Acer cam- 
festre, which shows a number of radial clefts. One of these has split 
through the stem, so that an outwardly visible cleft has been produced 
which, at the beginning, gaped widely but, with the appearance of warmer 
weather, has become very narrow. When in spring the tree would hav% 
closed the split by growth of the cambial layer, the circumvallation edges 

1 Squires, Roy W., Minnesota Bot. Studies. Bull. 9, 1895. 
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found no room to grow into the citft and therefore were forced outward. 
On this account we find the lip-lilce processes made recognizable in the 
cross-section. Such a process of healing has not yet been observed in any 
other trunk injury, so that its appearance may be considered absolutely 
certain evidence of fro.st action. 

Caspary* has experimentally examined this phenomenon more' closely. 
He proved by direct measurement that the coefficient of the distention of 
the fresh wood considerably exceeds that of all solid bodies, even that of 



Fig. 122. Frost ridge on the Ironk ol Acer campestre. (Alter Frank-Schw.irz.) 

iron, tangentially as well as radially, and is exceeded only by air. This 
explains the sudden production of deep clefts. 

The extent to which a cleft opens varies in the same tree species and 
with the size of the trunk, but all cases show that if the frost clefts have 
once been produced (even after they have closed in thawing weather) a very 
light degree of cold is sufficient to re-open them. This is explained by the 
fact that the amount of strength necessary for the production of the cleft 
. tuay be sufficient to overcome the cohesion of the cell elements in the whole 
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extent of the trunks radius; with the appearance of renewed cold in the 
same year, no resistance has to be overcome in re-opening the clefts, and 
the following winter only enough to overcome the newly formed wound 
cover. 

The frost clefts produced in winter, usually extend deep into the inner 
part of the trunk. The tree is unable to form a new cicatrization mem- 
brane in the older wood and, consequently, each frost cleft represents a 
persistent, outwardly covered over but inwardly unhealed wound. This 
becomes the more significant the more some lateral tangential clefts are 
added to*the radial, large frost cleft. These tangential clefts usually extend 
into the layers of the spring wood and may be connected with one another by 
radial cross tears. There then occurs an intersected splitting which makes 
the wood absolutely of no practical use and hastens the death of the tree 
by facilitating the spread of wood-destroying fungi. 

We thus obtain such structures as are shown in Fig, 123, which repre- 
sents a cross-section through an oak trunk which, infected by Polyporus 
sulfureus from a wound in the branch, has become cleft. 

While the splitting of the trunk, due to long clefts, transversing the 
greater part of the tree shaft' has often been described, the production of 
shorter, shallower clefts, which arc more easily closed, has not been suffi- 
ciently investigated. R. Hartig- considered them in the white fir where 
they are often very shallow, appear in the upper parts of the .shaft and 
usually coalesce very soon ivithout forming frost ridges. Also, they follow 
the direction of the wood fibres, i. e., usually somewhat at an angle. Be- 
sides occurring in the fir, I find this kind of short frost clefts often with a 
lip-like wall in the red beech, the cherry and the plane tree. Curiously 
enough, these varieties are distinguished by a bark which remain.s smooth 
for a long time. In this, the preference for certain sides of the tree, in 
the production of frost clefts, is most easily perceived. If the trees are 
not accidentally protected by adjacent ones but stand free it is possible in 
the majority of cases to determine that the west and southwest side.s display 
the most abundant injury from frost. .Street plantations, of plane trees, 
for example, show how differently the different sides of the trees behave. 
At the time when the well-known, normal dropping of the bark .scales from 
the trunk begins, it will be found that most of them are thrown off first on 
the southwest side of the trunk. 

At times “tears due to drought" are described as frost tears. Nord- 
linger' has called especial attention to this. Tears due to drought, which 
occur especially in strong trees growing on an impervious soil layer, or 
undergoing a sudden great scarcity of water, are characterized by repeated 

> Goppert, fiber die Polgen ausserer Vcrietzungea der Baume, p. 30, Breslau, 
1873. He found frost tears In 76 different varieties of trees. 

2 Hartig,, R., Lehrbuch der Pflanzenkrankheiten, 3d edition, p. 214, Berlin, 1900, 
Julius Springer, 

3 Nordlinger, Trockenrlsee (falsche Frostrisse) an der Fichte. Auch ein Grund 
der Rotfdule. Centralbl. f. d. gesamte Forstwesen, Weln 1878, Bart 6. 
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changes in their radial course in the older annual rings, than in the younger 
ones, or by the radial splitting of one or two annual rings in the wood disci 
Such inner clefts then have the form of a lance tip, i. e., are broadened at 
the centre. Since in clefts extending to the bark the wound remains open, 
the circumvallation walls incline toward the cleft and, therefore, form no 
projecting ridges in frost clefts. 



Fig, 123. Oak stem cleft by Polyporus sulfureus. (After Frank-Schwarz.) , 
Frost Bi.isters. 

In connection with frost clefts, the so-called "inlernal frost tears" 
should he considered, which K. Hartig’ has observed in oaks and firs. 

“If the tree shrinks with great cold”- he says, “tears can arise in the 
wood body on the surface of the cleft which, however, extend only to the 
bark mantel mthout splitting it. The bark, which has no radial cleft sur- 
faces, holds the wood body together. However, the elastic bark of the fir 


1 Hartig, R., Innere Frostspalten. Forstl-naturwiss. ZcltBChr, 1896, p, 483. ' 

2 Lehrbuch der Pflanzenkrankheiten, 1900, p. 214. 
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is distended where the frost tear opens internally and thus loses a part of 
its elasticity. If the tree later grows thicker, the bark exercises a lesser 
pressure on the cambium at this place and the additional growth is, there- 
fore, locally increased. Outwardly the trunk is not round but has ridge- 
like processes.” 

I assume a very similar course in the production of the structures, 
which I term frosi blisters. These are broadly conical, but usually flattened 
processes at times one centimeter high on the smooth hark of trunks or’ 
branches two or more years old. 

These blisters should not be confused with the conical bosses, occur- 
ring not infrequently on luxuriantly cultivated varieties. In them a hard 
wood core is recognized immediately under the bark, while the frost wood 
blister, in some ca.ses, consists permanently of a soft tissue mass, easily 
indented with the finger nail which, in other cases, lasts only during the 
year of its production. 

The projections, strongly lignified from the start, and for which I 
would like to propose the name of “duet boss," almost always have a 
definite position in relation to the bud, while tlie frost blisters are found on 
any part of the young trunk or the branch internode.' “Duct bosses” are 
bark covered, wood sw'ellings with one or two points, w'hich, like the begin- 
nings of a gnarl, project above the periphery of the rest of the wood body. 
They owe their production to the excessive development of the two vascu- 
lar bundles which normally pass into the bud cushions and unite with the 
central, strongest bundle of the vascular bundle body of the petiole. 

In the tender frost blisters we find no connection with the cords of the 
leaf spur. They are found at any place and arise from a blister-like dis- 
tention of the bark body aw'ay from the wood cylinder. The young wood, 
lying on the wood cylinder, at once begins cell increase, since the distention 
takes place only in late frosts and, therefore, at the time of growth activity. 
This young wood fills the cavity with a thin-walled parenchyma wood 
which gradually passes over, at the periphery, into normal wood. 

The whole process taking place here is the same as occurs in the new 
, formation of bark on an artificially produced wound surface. In blister 
fofmation the difference lies alone in the fact that the bark does not scale 
off, but is only raised in places by the frost and that thereby the new struc- 
tures, lying above the wood body, at first do not become visible to the 
naked eye. At times they can be very clearly recognized by their unusual 
luxuriance when the bark is cut on large frost blisters. It is then possible 
to expose here and there a wrinkled outgrowth, several centimeters long 
and 0.5 to i.o cm. high, which is not connected at all with the old bark and 
only rests on the wood body. In one case (in the pear Bonne Louise 
d’ Avranche) the outgrowth had ruptured the bark mantel and had ex- 
tended far beyond the circumference of the trunk as an irregularly outlined, 
somewhat conical mass with a warty, crumbly surface. 
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I could observe other stages ofMiealcd frost blisters in the maple and 
the apple. As yet the best examples have been found in the maple, and, in 
fact, on two year old shoots, more than 1.5 m. long. Many of these, in 
their whole course, excepting the tip region, and on all sides, showed small 
flat, completely bark covered bosses, possibly 0.5 mm. high which were 
more noticeable to the touch than to the eye. The outer bark appeared 
perfectly normal 'and the direct continuation of the remaining, not rough- 
■ ened part of the branch. In cross-section, the cause of the out-pushing of 
the bark may be recognized in the swelling of the wood body which, at the 
beginning of the second annual ring, has formed an aggregation of’paren- 
chyma wood cells very broad and rich in starch. As a rule, such an 
aggregation of wood parenchyma is found lying exactly between two 
medullary rays so that the lateral transition from this diseased wood tissue 
to the healthy tissue is rather sudden, while the abnormal wood elements 
assume very gradually in a radial direction the normal dimensions and 
thickness. Only in the radially and laterally adjacent wood with a regular 
structure are found greatly widened and shortened wood cells filled with 
starch (investigated in May). 

In the wood parenchyma aggregations, irregularly extended, yellow 
stripes are found ; the yellow color arises from swollen cell walls which are 
universally present in frost injuries. Also, other characteristics of a 
definite group of frost injuries are present as, for example, the lateral dis- 
placement of the medullary ray cells at the frosted place and the barrel- 
shaped widening of the medullary ray where it enters the parenchyma 
aggregation. This barrel-shaped widening of the medullary ray is pro- 
duced less often by the increase of its cells than by their broadening at the 
expense of their length. In this, not infrequently, a very striking thicken- 
ing of the secondary membrane is noticed. Cell increase is found most 
frequently in the one-celled medullary rays which, from the point injured 
by frost, become two-celled. The further such a medullary ray extends 
into a parenchyma aggregation, the broader and shorter its individual cells 
appear in cross-section and with relatively more slanting walls; they dove- 
tail into one another, instead of remaining bluntly placed against one 
another. At last the shape of all the cells in the parenchyma aggregation, 
of which the elements are widest near its centre, become the same so Aat 
no difference can be recognized in the medullary rays. 

A brown bark zone, tangentially elongated, which was formerly con- 
nected with the parenchyma but is now separated by newly interposed 
wood, corresponds in the same radius to the yellow or brown striped 
aggregations of parenchyma wood. 

By . coloring the section with campeche wood extract, very interesting 
pictures are often shown, if a concentrated solution of chloriodid of zinc 
is added. The difference in thickness in the walls of the wood cells 
becomes more apparent. The walls of some groups of wood cells are 
colored more intensely yellow and are more swollen. 
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These were the walls of the radially divided wood cells^ surrounding 
the ducts and containing starch which, therefore, might be more sensitive 
than the other elements’ of the vascular bundles. 

In frost blisters of the cherry, illustrated in Figs. 125 and 126, the 
anatomical structure evidently differs from that of the frost blisters of the 
maple branch, inasmuch as here the gummy exudation usually sets in as a 
result of the injury. Fig. 125 is a cross-section through the centre of a 
blister. Fig. 126 a longitudinal section made at one side of the medial line 
of the wound ; r is the brown stripe of dead tissue which immediately 
bounds the inner, fine tear which caused the blister. This tear was not 
visible externally since the outermost bark layers (e) had remained unin- 
jured, although the wound was deep and extended to the old wood (h), 
Jt must from the beginning have been very narrow, however, and produced 
at a time when an immediate overgrowth was possible since the overgrowth 
tissue had sunk at once into the wound (r) without causing the death of 


> If. at the time of the awakening- of vegetation, cross sections of Acer, SaJix 
viminalia, and other trees are treated with a strongly acid, concentrated solution 
of chJoriodid of zinc, large dark blue, variously shaped starch structures may be 
seen to pass out from these radially divided wood cells (compare Fig. 124 r). The 
forms of these are different. At times they may clearly be seen composed of sep- 
arate, Irregular, swollen starch grains because the cores, remaining firmer, appear 
granular on the smooth upper wall surface of the pouch-likc structure; they are 
left after the dissolution of the peripherial layer of the starch grains. At times, 
however, the sub.stance of the hollow body is uniformly membraneous and the upper 

surface smooth: the 

' ■ "■ . tip often appears 

notched, In older wood 
such starch structures 
appear most numer- 
ously in the autumnal 
wood of the last two 
annual rings. Glycerin 
clears up the starch 
pouches which occur 
on the upper side as 
well as the under side 
of the section. Alcohol 
brings out their con- 
tours more sharply 
and makes them seem 
darker. Potash 
bleaches them and 
sho-wB better the gran- 
ular elements of the 
wails. Their formation 
seems to result from 
the swelling of the 
starch grains which 
they rupture and, with 
the reagent, transform 
their contents into a 
membrane in which, 
at times, bright circu- 
lar spots may be seen, 
. ^ ^ as If vacuoles had 

been deposited during the formation. The notched form of the tip is conditioned 
by the irregular pushing forward of the individual, outermost starch grains. I 
would like to consider these structures Traube’s cells; strongly acid chlorzinc with 
potassium alone showed a membraneous precipitate, Tin-chlorid (neutral) and 
Iron chlorid (acid) produce no such structures. They are also not destroyed by 
sulfuric acid or hydrochloric acid. A drying of the branches which had previously 
displayed many such- structures, decreases their formation or stops it entirely. 
This phenomenon can not always be produced. It seems to be connected with the 
special constitution of the starch shortly before its dissolution in the early spring. 



Fig, 124. Starch structures formed In the treatment of 
sections of a young willow branch with chloriodld of zinc. 
They pass out of the bisected wood colls and often curve 
into the duct lumina. 
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considerable amounts of tissue. This young tender overgrowth tissue^ as 
well as the cells bounding the diseased parts of the bark, at once produced 
thick bark layers (kn) which completely encased the dead tissue and iso'- 
lated it from the healthy tissue. The hard bast bundles (6) which, in the 
midst of the healthy bark tissue, became diseased immediately about the 
wound, had been enclosed by isolated cork circumvallation (Fig. 125 u) so 
that from them no further decomposition of the surrounding bark paren- 
chyma, containing chlorophyll, could take place. 

In the process of healing, the new wood (« h) and the new bark (n r) 
endeavor to cover the wound, beginning at the sides and extending inward. 



Fig. 125. Frost boil on a branch of sweet cherry. Media] section. 

In the centre of the wound, where the gaping edges stand further apart 
(Fig, 125 « h) no closing has yet been possible. On the other hand, this 
is the case at the sides. The edges of the two new wood layers (Fig. 126 
n h and n h') have become united and the dead piece of the bark (Fig. i26«) 
is separated from the dead piece of the wood. The older and thicker the 
new wood and bark layers become, the more the dead bark is pushed out- 
ward and finally pushed off. The dead wood {h p), of a parenchymatous 
nature, and the momentarily fresh wound edges (Fig.. 125 h p’), likewise 
formed of parenchyma wood, at first gradually pass over into firmer, normal 
tissue. The first formed new wood, suitable for circumvallation, bears in 
itself, in the central wound region, the germ of death; numerous gum 



centres (Fig. 125 g) have been formed, which in a short time will dissolve 
the less resistant tissue. 

In older circumvallation on a maple branch, which was not at all lus;" 
uriant, a splitting of the annual ring was noticed, since the region of the 
autumn wood on one side of the branch was divided into two parts by a 
considerably thicker zone of spring wood, rich in ducts, and then reunited 
with the zones first formed so that one more annual ring could be counted 
on one side of the twig than on the other. 

\Yhen such excrescences are remarked for the first time in trunks 
which, up to that time, had been healthy (this is the case in the early summer 
months) it will be advisable to strongly scarify the tree. The knife could 
be inserted above the excrescence and several long cuts be made through 
the blister into the healthy underlying tissue. By the wound stimulus thus 


Fig. 129. The same wound as In Fig. 125. A lateral section. 
Kll'iTjlM.r. il.i'ii ’l', ■ ' 

brought to bear on the healthy tissue near the blister, it is incited to an 
increased circumvallation activity, and the pressure of the diseased excres- 
cent tissue on the plastic underlying material is reduced. 


Frost Wrinkles. 

While the raising of the whole bark body from the wood cylinder 
found in places in frost blisters could be proved to have been their cause, 
in frost wrinkles a loosening of the outer, coarser bark layers from the 
tender, inner bark is concerned. The phenomenon has been observed as 
yet only on the new growth of cherry branches in June. The branches 
were conspicuous because of the coarse wrinkles on one side of the other- 
wise smooth bark. The cambium was not disturbed, the pith was some- 
what browned. 

As has been proved, a penetrating frost produces great differences in 
tension in the trunk, The frost, without necessarily forming frost crystals 
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in the intercellular spaces, contracts'the tissue, and so much the more the 
thinner walled the tissue is. The bark suffers considerably more than does the 
|ood which, reached later, cools down less easily and contracts less. The 
tangential contraction is greater than the radial. This difference acts likes 
a one-sided strain, taking place in the direction of the circumference of the 
trunk to which the different layers of the bark will respond to a different 
degree, when the bark, as a whole, is very young. With an equal amount 
of contraction at all points in the bark, the cells lying nearest the periphery 
and most elongated in the direction of the circumference of the trunk, will 
be most displaced. If one considers that the outer cells of the primary 
bark, because of the great coarseness of their walls, are not as elastic as 
the underlying, thinner-walled ones, it is clear that, when the strain ceases 
in them the permanent increase, caused by the incomplete elasticity, will be 
the greatest. 

After the frost action has stopped (it continues only a short time in 
late frosts) the increased turgor will cause the cells to retain their distended 
form and, since the outer, greatly distended bark layers no longer have ’ 
sufficient space in the previous tangential plane, they become raised in 
wrinkles or blisters above the plane of the circumference of the trunk and 
in this way form “frost wrinkles.” 

Besides the tangential and radial contraction, there is an additional, 
longitudinal change in the young, still herbaceous twigs, which must be 
produced with the twisting of the axillary body, caused by the frost action. 
One can easily produce cross wrinkles artificially on one year old shoots 
by bending them. Reference should be made to a work by Ursprung' in 
regard to the tensile conditions developing in bent, herbaceous stems. 

Dark Tatters and Cork Holes. 

The loosening processes which set in after a drying of the outermost 
tissue layers when the branches ha\e been killed by frost occur more fre- 
quently than the phenomena of raised bark, appearing in the form of frost 
wrinkles and blisters in living bark tissue. In Fig. 127 is shown a branch 
with loosely rolled back, flapping, dry bark tatters on the autumn (Sylves- 
ter) pear. Even in the soft wooded apples (Morning Breath) the 
phenomenon was found in May and June, on branches and young, still 
smooth barked, sapling trunks. The periderm is seen at first to be dis- 
tended in blisters ; later the blisters split longitudinally. The whole bark 
parenchyma underneath the tear seems blackened and dries up quickly. 
The death of the bark tissue advances further, the more the tear widens, 
since it at first becomes yellowish green and tender, then grows dark, col- 
lapses and finally dies. 

In time these dead spots become entirely bare, since the longitudinal 
fear in the periderm blister lengthens and new cross tears divide the whole 

. 1 Ursprung, A., Beitrag zur Brklarung des exzentrlschen Dlckenwachstums an 

foautpflanzen. Ber. d. D. Bot. G. 1906, Part 9, p. 498. 
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raised cork into many tatters. In dr^ng, the various tatters curl backward 
and thereby expose the bark parenchyma which has been covered. It 
should also be observed that such cork tatters are most frequently fou|^ 
directly at the base of the young, still smooth barked trunks, while the 
younger shoots seem outwardly unaffected and also sprout but, yet, after 

some time, the leaves turn yellow and wilt. 

The life of the tree depends on the 
extent and frequency of such holes in the 
cork which arc found repeatedly separated 
from one another by healthy spots. The 
tree usually dies since the cambium under 
the blackened parts of the bark is dead. 
The region near the buds or near cut 
branches seems especially disposed to such 
injuries from frost. 

Thii Phknomena of Discoloration in 
Trunks and Branches. 

I'Vuit growers in spring pruning usu- 
ally decide after a consideration of the cut 
surface, whether a variety of fruit has 
proved hardy for a certain region, or ha.s 
been injured by the cold. The decision is 
made according to whether the cut surface 
is uniformly white or browned in places. 
The browning sometimes occurs ii\ circular 
zones, sometimes in flat surfaces. In the 
first case (often on one side of the branch) 
the cambial region, or the periphery of the 
pith disc, the so-called pith crown where 
the innermost ducts of the wood ring pene- 
trate into the pith parenchyma, is the centre 
of the discoloration. In the surface brown- 
ing, a part of the wood surface together 
with the pith body is usually attacked on 
that side of the branch where the bud lies 
which belongs to it. The discoloration is a 
sign of the humification which sets in 
gradually in the walls when the cell con- 
tents dry up. Not infrequently phenomena of swelling are noticed in the 
brown cell walls. 

If different parts of the trunk are frozen, brown stripes are found at 
times extending downward to different depths in the wood body; in the 
browned parts through its whole diameter. These stripes often have^ 
symmetrical arrangement so that a cross-section through the semi-healt^ 



Pig. 127. Raggedly torn cork 
lamcllafi on bianchea injured by 
frost. 
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palft of the trunk shows a regular, Urown figure. Most well-known is thg 
“Landwehr cross in the maple and similar structures in Cytisus and 
Fraxinus. Cytisus and other Papilionaceae show at times a very attrac- 
fve bright coloration of the cross-sections which should be made of 
practical use. The bright coloration is caused by the different degrees of 
browning in the heart wood and cambial zones. 

Such regular, surface-like discolorations are of rare occurrence. The 
most'frequent phenomenon consists of an irregular browning of those parts 
of the bark which surround a bud and of those outcurvings of the pith 
which lead to this hud. The amount of tissue disease naturally depends 
upon the time and intensity of the action of the cold as well as the specific 
sensitiveness of the variety and, with equal intensity, on the age of the axis. 
As a rule, the younger a branch is, the more extensive is the tissue browning. 

The cross-section, shown in Fig. 128, of a pear branch injured by 
■ artificial frost, gives an insight into the variety of browning due to frost. 
In this, m indicates the pith body, m k, the pith crown, m b, the outcurving 
of the pith disc, called pith bridges, which lead to the bud, lying close above 
this section but not visible in it. .^t the place where the bud lies, each 
stem is more or less thickened and pushes. out from a "bud cushion." In 
this bud»cushion lie also the vascular bundles g' and g", which pass down- 
ward into the petiole, in the axil of which is found the bud. The cap of 
tissue, which, in the drawing lies aliovc the central cord of the leaf spur, 
and seems laid against the bark body of the twig, represents the cicatriza- 
tion tissue which had formed in the previous year after the falling of the 
leaf. The different ducts in the cords of the leaf spurs and in the wood 
ring aw distinguished by ij ,' and </. The wood ring (h) with the medul- 
lary rays (m s) shows diverse, predominantly radial clefts, while the tissue 
openings (!) in the bark tissue usually extend tangentially. Noteworthy is 
also a gaping, longitudinal split which breaks the pith bridge and, by the 
amount of injury, makes apparent that it represents the [iart of the branch 
most susceptible to frost. 

In many deciduous trees there is still a second region of great sus- 
ceptibility to frost, viz., the hard bast cells and their outer parenchymatous 
covering'. In my experiments with artificial freezing, cherries, plums, red 
beeches and apples were proved especially susceptible, while pears showed 
a greater power of resistance. In the adjoining picture the bast bundles' 
(b) are found to be unattacked. Just as little is the collenchyma (cl). 
The cambium zone (r) which, by its brown color, indicates to tree breeders 
in the spring pruning of fruit trees that the branches have been injured by 
frost, has not been browned in the pear. In microscopic investigations, it 
is found that usually the still cambial, thin-walled, young wood and the 
innermost young bark, of the same age, have been, browned, while the 
jneristem layer, rich in cytoplasm and lying between both regions, appears 
:^lgrless and uninjured. 
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, By surveying the cross-section as<a whole, which may serve as an ex- 
ample of frost discoloration for all trees, we see that the region of the bud 
cushion is the most susceptible part of the branch. In this region the tw^ 



Pig. 128, Browning and splitting of the tissue of a pear branch produced by 
artificial frost. 


has the slenderest wood ring and the largest accumulation of parenchyma. 
The spots kept dark' in the drawing represent the browned parts. So far 
as susceptibility is cohcerned, the pith crown and the medullary rays follbi# 
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next. The pith body itself usually dees not suffer until later and the older 
the branch is the less is the injury to the pith body. In the present case, 
the experiment was carried out toward the middle of May, at which time 
the storing of starch had already taken place in the pith and bark. The 
injury to the pith was limited here to a checkered marking of the pith disc, 
while the contents of some of the cells containing starch had turned brown. 
Investigation showed that the cytoplasmatic substances, and not the starch 
grains themselves, were discolored. 

The irregular distribution of cells browned by frost in all tissues can 
be explained only by the different cell content. Probably cells rich in 
sugar are the most susceptible. The cytoplasmatic content has suffered 
even when the cell membrane is still clear. In injuries to the pith crown 
the narrow, spiral ducts are the first ones' to be browned. 

The Frost Line. 

Mention was made in the previous section that the fruit grower usually 
considers the browned cambial region as an indication of frost injury. 
This zone is now often termed “frost line." Even unskilled forest workers 
showed me, as frost lines, the circular zones, setting in after spring frosts, 
between older annual rings with which we will later become better ac- 
quainted in the discussion of “false annual rings” and “moon rings.” By 
these terms are understood the brown circular, or zigzag stripes found by 
testing microscopically the tissues injured by frost. These stripes are com- 
posed of collapsed misshapen parenchymatous cells, and occur very often 
but as yet have been but little studied. I have investigated more exactly 
the phenomenon on branches of an apple tree which had been forced in a 
greenhouse and then, in May, exposed for only 22 minutes to a temperature 
of 4 degrees C. below zero. 

By the middle of June, in the experiments carried out on a branch of 
which the tip was frozen, a sharp boundary was found between the dead 
part and that which had remained alive. This observation is confirmed 
in all frost injuries. A yradmd extension of the injured zone does not 
become noticeable subsequently, if no secondary factors, such as wood- 
destroying fungi, enter into co-operation. However, the action of the frost 
itself can radiate out into the healthy tissue in the death of certain parts as 
was the case in the experiment under consideration. If the branch .which 
had died after its tip was frozen was cut off directly below the bud which, 
adjoining the dead tissue, had remained healthy and had sprouted, a 
browned, sharply defined stripe was found to extend from the dead places 
out into the healthy part of the axis past three healthy buds. This stripe 
traversed the axis in a diagonal direction from the outside inward. 

The sharp limitation of the brown stripe and its diagonal course were 
explained by a microscopic investigation. This proved that the main 
vascular bundle of the lowest dead bud of the frozen tip is involved here. 
This was, therefore, a case where the death of the bud yradually induced 
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the dying back of the conducting cofd (vascular bundle) which traversed 
the healthy tissue and the tissue which became diseased. This, therefore, 
could be the only after-effect which can take place in frost injuries in caje 
there is no subsequent parasitic infection. 

In order to discover which 
might be the very first effect of 
frost on the tissue of the tree 
and, therefore, which injury sets 
in with the appearance of very 
light frosts, a whole course of 
experiments was made on the 
effect of slight degrees of cold, 
but they did not lead to the de- 
sired results. Either no effect at 
all was shown or the above-men- 
tioned initial stages appeared 
simultaneously. The pruning w'as 
extended further and further 
back from the completely frozen 
tissues into the healthy, basal part 
of the twig and observations were 
made to see which disturbance 
had extended farthest from the 
frost centre into the healthy tissue. 

The frost action which could 
be traced farthest into * the 
healthy wood was found to he 
the swelling of the intercellular 
substances, i. e., the middle la- 
mella (Fig, 129 t). 

I found this striped swelling 
and browning of the intercellular 
substances to be in general more 
frequent tangentially than in the 
direction of the medullar rays, 
especially often near the old 
i.-i„ c „• „ .. „ autumn wood, i. e., in thei first vas- 

fig. 129. Swelling of the cell wallsi after 

artificial frost. cular layers of the spring wood. 

But this condition of the inter- 
cellular substances is rarely found by itself ; it is usually associated with a 
slight yellowish coloring and swelling of the secondary membranes of the 
adjacent'wood cells (Fig. 129 h). In some cases this change becomes so 
extensive that the entire cell lumen is filled, excepting a narrow cavity (hh). 

The power of refraction becomes extraordinarily weak with the swell- 
ing, being retained only by the outermost membrane and the firmer, inner 
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lining. The swelling can become sft great that even the outermost mem- 
brane tears (p) and this tearing, as a rale, extends to several adjacent cells. ‘ 
so that the changed secondary membrane with the swollen intercellular 
substances, coalesces into a uniform yellowish to brown stripe in which 
are recognizable parallelly deposited remnants of the primary membrane 
(st). 

It has thereby been proved exjierimentally that processes of loosening 
are initiated in the cell membranes by frost. These become apparent in 
the so-called “frost lines.” 

Internal Splitting of tue Trunk and Branches, 

In the section on frost blisters, the disturbances were considered which 
take place in smooth barked branches and trunks without any external 
injury being noticeable at first. Not until the year following the produc- 
tion of the blister do the primary bark layers, which cover the frost blister, 
rupture because this blister has gradually enlarged. These torn bark 
layers surround the protruding new structure as dried edges. The cause, 
however, is to be seen only in the raising up of the bark layers, without 
any splitting of the wood. 

If, however, the occurrence out of doors in so-called frost holes, i. e., 
places where late frost occurs almost annually and very extensively, is 
more closely examined, blister-like protuberances will be found on the 
branches and trunks which internally show repeated splittings of the annual 
ring. 

I have accidentally succeeded in producing such blisters artificially by 
exposing to sharp brief frost action branches in which the wood ring of the 
current year had attained a considerable thickness. The subjoined Fig. 130 
represents a healed inner wound, due to the splitting of a cherry branch. 
The frost W'ound has been produced by a one-sided raising of the bark from 
the young wood, a is the old wood of the previous year; h, the spring 
wood of the current year, formed before June; g is the sapwood region 
with the normal cambial zone. .About this time the branch was placed in 
a freezing cylinder. It was found, in the subsequent investigation, that the 
bark had been split off from the sapwood in a wide curve (r p) and that 
the young wood (h) seemed split radially. The splitting extended along 
the medullary rays which more rarely were torn apart than loosened at one 
side from the prosenchymatous cells and ducts and then partially dried up. 
A radial enlargement of the holes represented at 0 in the drawing takes 
place in many cases because of the extensive drying of the prosenchy- 
matous cambial elements w'hich are still partly thin-walled. In general the 
radial clefts in the wood remain slender and only the walls of the elements 
which drew apart from one another turn a deep brown. 

Near the breaking buds in which a medullary bridge traverses the 
whole wood body from the pith to the bark in all trees, the tissue is more 
tender, the number of thick-walled cells is less ; the elements lying next to 



the medullary rays have developed intw wood cells with strongly refractive 
walls, while the cell forms, to be found at a further distance from two 
medullary rays, are still thinner-walled and richer in content, also showing 
no broad ducts between them. In such sapwood layers, near the bud, a 
tangential clefting of the tissue on the line between the wood of the pre- 
vious year and that of the current year is found at times as the continu- 
ation of the radial split. 

Radial holes (/) in the tissue of the secondary bark (m), correspon4 
to the clefting of the wood body, while the primary bark (m) vvith its hard 
bast bundles (h) shows no ruptures whatever but only a partial browning 



Fig. 130. Internal splitting of a cherry branch produced by artificial frost. 


of the contents and of the walls of some of the hard bast cells and bark 
parenchyma cells (r). Here also the holes are produced often by the 
separation from one another of the different tissue complexes, less often 
by the splitting of the membranes of the individual cells. The thin- 
walled cell groups which, in the secondary bark, correspond to the bast 
parenchyma of the primary bark, separate from the bark rays which have 
already advanced further developmentally and are, therefore, thicker 
walled. At the sides of these bark rays the rows of cells, accompanying 
the hard bast cords and containing calcium oxalate, are especially noticeable. 

The radial splits and clefts, however, are only secondary phenomena 
in comparison with the great tangential clefts [s p) which separate the bark 



from the wood. The line of separjition extends irregularly, sometimes in 
the cambial layers of the bark, sometimes into those of the sap-wood. Since 
it can be assumed that in all parts of the tissue of the line of separation an 
equally strong strain was active in producing the tear, it is evident, from 
the irregularity of the line of separation, that the tissue at the same radial 
distance from the centre of the branch does not possess throughout the 
same firmness. Such an irregularity is shown by the tissue fragments (k) 
which, remaining attached to the sapwood, die later and are indicated at 
the side of the projecting wood (/). 

With the exception of these fragments very little collapsed tissue is 
found at the torn place, even the cells of the youngest bark {«), which 
have turned a deep brown and become poor in contents, have not collapsed. 
Instead they have become stiff and their walls (i) much more resistant to 
sulfuric acid. 

The healing of such w'ounds does not as a rule take place by lateral 
circumvallation. Rather, in similar places, a radial stretching of the older 
Cftmbial parenchyma is observed at first. Later isolated meristemic aggre- 
gations are produced in the hark between the bark rays which form new' 
wood elements. The new wood gradually presses the tissue layers (») 
which, in this case, have not been changed, against the split sapwood in the 
direction /, o, e, and forms from the dead tissue remnants a brown stripe 
which becomes narrower with a greater wood accumulation above the place 
of rupture, i. e., greater pressure. The isolated meristemic zone of the 
wood bundteSj pfoduc^d in the raised pieces of the bark, later unite 
laterally with one another and, finally, with the cambial zone (/), pro- 
duced on all sides of the still uninjured branch. .Such a blister, produced 
by tangential raising and radial splitting of the wood ring, may remain 
recognizable externally for many years. 

Open Fkost Tears. 

An apparently very unessential phenomenon, to be found most easily 
in vigorously growing nursery specimens, is the occurrence of small tears 
which have been overgrown. These extend also, more or less like blisters, 
above the smooth bark but arc distinguished from those already described 
in that they have a long grove on their upper surface. From this it is 
evident that they have been produced by the coalescence of the two edges 
of wounds which have pushed forw'ard like lips. These elevations grow 
less and less conspicuous with later growth and finally have no further sig- 
nificance for the life of the trunk. 

These are, however, of uncommon theoretic importance in explaining 
the production of the tissue excrescences described later as frost canker. 
So far as my investigations have gone, they support the theory that the 
swellings of frost canker have their origin in such small tears as are pro- 
duced in the spring at the time of the most luxuriant cambial activity of 
the trunk. Such tears are found usually in the immediate proximity of the 
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buds and their appearance can be traced back primarily to a local increase 
in growth. It cannot be denied that this is the most pertinent explanation, 
but the condition of the wound in many cases also indicates some frost 
action. 

It is finally possible, in artificial frost experiments, to produce such 
frost tears and thereby put an end to such doubts. Fig. 131 gives the 



Fig. 13], Cross-section throngli the hud cushion of a larch branch, injured by 
artificial frost. 


anatomical appearance of such a wound which had been produced by the 
action of artificial cold on a larch branch a year and a half old. The 
branch was cut through a bud cushion; the wood (fi), which otherwise 
would have formed an uniform ring about the pith (m), appears inter- 
rupted by the broad parenchymatous medullary bridges {m-mtr). 
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This tissue has been killed hy fnost and tom by the subsequent drying. 
The parenchyma, lying in the direction v-va, had not been formed at the 
time of the frost action (May i8th), but the splitting of the medullary 
bridge was extended outward through the bark. The bark in the cambial 
zone at that time was also split away from the sapwood at both sides and 
formed the split (r p) but only the cells lying directly on the edges of the 
wound had died and partially dried. The two sides of the bark above the 
split {s p), which originally had been separated, at once formed the initial 
stages of the overgrowth edges in the manner common to all processes of 
circumvallation by the outcurving of the peripheral healthy cells anti their 
division. These overgrowth edges are formed further and further out 
toward one another until in a short time they coalesce. 

The place of coalescence of the circumvallation edges (ti r) may be 
recognized hy the diseased depression (t; a), hut especially by the position 
of the hard bast cells (fc), which seem inclined toward one another.- The 
whole tissue, which covers the split, has been formed anew in the course 
of six weeks (the wound was investigated on the qtb of July). The old 
bark, which had been split by the frost tear, is pressed hack by the lip-like, 
protruding circumvallation edges and now surrounds the new structure 
like a sharp edge (t). The circumvallation edge at this lime had formed 
wood. The whole thick-walled zone (hp) 's new wood. This, however, 
has been produced with so little bark pressure that it has become parenchy- 
matous and short celled. Only later did the cambial zone (c-f), produced 
by the coalesaence of the zones, which had been isolated in two halves, form 
normal wood elements and deposit firmer layers about the frost wound. 

Similar to this injury to the larch is a wound produced on an apple 
branch by the action of cold at 3 degrees C. which lasted for 25 minutes 
in July (Fig. 132). In this, a indicates the old wood of the previous year; 
h, new wood formed up to July; c, the region in which the cold had killed 
the tissue. In the very luxuriant overgrowth edges, extending above the 
surface of the wound, the spirally curved cambial zone (/) has produced 
a thick new' bark (y) and a new wood body (c), divided radially by the 
medullary rays {d). But this formation of wood from prosenchymatous 
elements begins first rather far back in the circumvallation edge. The lip- 
like part of the edge, lying in front of it, consists of parenchyma wood, on 
the edge of which may be recognized gradually diflfering prosenchymatous 
cell groups (h). In the same radius, in which the first thick-walled wood 
cells occur, the beginnings of the hard bast cells {h appear in the bark. 

The circumvallation edges extend over the bark as a knob with a lip- 
like cleft. This appearance is retained because of the natural swellings 
which are met with at times in the branches from cankered trunks of 
apple, beech, ash and cherry trees, and which I consider to be the initial 
stages of the closed canker swelling (cf. Fig. 135 in the (following 
section) . 
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Canker (CAficiNOMAy. 

As “canker,” I consider those wounds which develop their, overgrowth 
edges into excessive wood swellings. The character of the excrescence lies 
in the exclusive, or predominant formation of parenchyma wood instead 
of the normal prosenchymatous wood elements. The canker excrescences 
have a typical form for each tree variety. 



Fi& 132. Overgrowing frost split In apple branch, produced by artificial cold. 


a. Canker of the Apple Tree. 

The canker of the apple tree occurs in two forms, of which the more 
common one is distinguished by a broad, central exposed wood surface 
formed from the open, protruding, blackened wood body and is surrounded 
by roll-like, strong calluses, developing outwardly each year like terraces. 
At the centre of the wound is found frequently the remainder of a small 
stump of a branch. This is indicated in Fig.. 133 by s, wh'ile the nearest 
overgrowth edge is indicated by u'. We see how the wound surface gradu- 
ally increases since the first formed, still rather flat edge dies and turns 
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black, while that of the next year <«.") develops in the form of terraces. 
The process is repeated from year to year (see h"'-k"") until nearly the 
whole extent of the axis has been attacked by the canker excrescence and 
dies. Such places, with open wounded surfaces which become wider aiid 
wider, are called "open canker. " 

The increase in thickness of the overgrowth edges toward the outside 
is explained by the fact that plastic material, coming from above; from still 
living, leaved twigs, has to be divided in each successive year over a smaller 
part of the twig or trunk surface because of the retrogression of the over- 
growth edges and accordingly provides relatively more abundaftt food 



FIs'. 133. Open apple canker. 



Fig. 134. Closed apple canker. 


substances for the formation of new parts, in the rambial zone, which is 
growing shorter and shorter. 

The closed canker (Fig. 134) when completely developetl, represents 
approximately a spherical wmod excrescence (») at times exceeding the 
diameter 3 or 4 times, knotted and usually completely covered with bark. 
This wood excrescence is flattened at its tip and deepened in the centre of 
the upper surface like a funnel (()■ In contrast to open canker, this swell- 
ing covers a much smaller part of the axis bearing it but makes up for its 
lesser extent in width by a considerably greater radial elevation, i, e., greater 
height. 



S88 


Blight may often be proved also on the branches and twigs on which 
occur canker excrescences. In all three varieties of injury a bright red to 
brown, flat conical, or oval fruit body of Nectria ditissima may be found, 
not infrequently, in winter on the dead, cracked edges of the wound. 

If a cross-section is made through the excrescence of a closed canker, 
approximately the following picture is found. 

We see (Fig. 135) the whole large sw'elling divided radially into two 
groups by the split (sp) with its roll-like edges. This cleft forms the inner 
continuation of the outwardly recognizable funnel-like depression on the 
flattene'd top of the canker excrescence (Figs. 134, 135 t). At the bottom 



FiK. 13n. Oross-section through an apple branch with a knot of "closed canker." 

of the cleft usually lies a brown, mealy, or putty-like mass which is found 
to consist of humified cell remnants. The edges (r) of the cleft are also 
strongly browned. They are formed by thick-walled, parenchymatous-like 
porous cells, provided with a dead, brown content. The further back one 
goes from the edges of the cleft, or the point of dying, toward the healthy 
tissue of the trunk, the less noticeable is the brown color. The tissue be- 
comes white and is formed of parenchymatous wood which contains an 
unusual amount of starch. Groups of strongly refractive cells gradually 
appear in these masses of parenchyma wood. They are clearly elongated, 
thick-walled wood cells which, isolated at times, or in small groups, appear 
irregularly distributed in the parenchymatous wood. (Fig. 135 h). Com- 
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pare the cross-section given in Fig. §32, due to an artificially produced frost 
split on the branch of an apple tree. Parallel with the appearance of the 
first wood cells is that of the hard ha.st cells (Fig. I32 h b) in the bark. 
These prosenchymatous elements in the edge of the wound, formed of 
parenchymatous wood, are the Initial stages of the normal annual ring for- 
mation and extend from the edge of the wound backward, approaching one 
another more and more closely, until they have united in a normal annual 
ring on the healthy side. If we start with the normal annual ring zone on 
the healthy side of the trunk, we may thus conceive this formation as 
follows; it is as if the prosenchymatous tissue of a healthy anntial ring 
(Fig. 135 c h) had been divided into several radiating branches (Fig. 
135 h) within the canker excrescence which chiefly consists of parenchyma 
wood, rich in starch and containing here and there large crystals of calcium 
oxalate. (Radial division of the annual ring.) 

The edges of the wound, themselves, are not found united; the cleft, 
therefore, in spite of its narrowness, has never completely coalesced since 
the outermost cells, edging the cleft, constantly die.. 

In proportion to the uncommonly luxuriant new formation, the number 
of dying cells in “closed canker” is very small. The dead place here always 
forms only a narrow twisted cleft ; while in “open canker” the originally 
dead tissue represents a broad surface and the dying back of the edges of 
the wound extends so far that not only the wood surface which first remains 
uncovered, but also each overgrowth edge is incompletely covered by the 
succeeding one. 

The characteristic radial division, or splitting of an annual ring (Fig. 
135 nh, h) within the woody, parenchymatous edges of the excrescence is 
less conspicuous in opeti canker and may completely disappear in case the 
entire trunk, which has remained healthy, participates, at the height of the 
canker-wound, in the exorbitant thickening, i. e., excludes a one-sided hy- 
pertrophy of the trunk. 

The determination of the dry substances in normal and cankerous 
wood in the cherry gives a proof of the softness of the tissue in the canker 
excrescence. Normal wood has 66.9 per cent, of dry substances; the 
overlying canker wood, only 45-^ cent. 

From the fact that the canker excrescence frequently exceeds consid- 
erably the tl(jckness of the two or three year old branch which bears it, we 
may conclude that the excrescence which is never found on the green shoot 
of the current year, i. e., begins only in the woody twig, must grow very 
rapidly. With such rapid development of the tissue, it is not surprising 
that the fluctuations between cloudy, wet weather and periods of drought 
can so manifest themselves that, within one summer, alternate zones of 
thin-walled and thick-walled wood are produced in the canker excrescence. 
This is found if the darker zone, extending from the pith (m) in Fig. 135, 
is traced further. It corresponds to the thick-walled wood elements and, 
in the normal part of the trunk, indicates the autumn wood in contrast to 
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the more abundant spring wood but aUvays within the canker excrescence 
prosenchyma wood in contrast to parenchyma wood. The illustration 
shows the last formed, dark rings in the healthy part divided radially 
toward the diseased part, u indicates a diagonally cut, dead branch. 

This ^luxuriance of growth, 
which manifests itself by the 
formation of the radiating canker 
excrescence, may not, however, 
lead universally to the conclusion 
that the growth of the tree as a 
w'hole is always luxuriant. On 
the contrary, a regular occur- 
rence of canker knots is found in 
weak, slender trees in certain 
localities. 

Cankered and also blighted 
trees usually show a very luxuri- 
ant lichen growth. At the central 
place of attachment of such 
lichen cushions it may often be 
proved that the cork layers of the 
branch have been separated and 
the thallus cords shoved in be- 
tween them. In fact I could 
observe cases in w'hich the lichen 
thallus penetrated the whole pro- 
tective cork layer of the branch 
and reached the collcnchymatous 
bark cells, some of which still 
contained chlorophyll. The lichen 
growth may, therefore, not be as 
injurious as the yellow and green 
forms are generally declared to 
be. How much, however, the 
spread of the lichen depends upon 
some individual peculiarity of the 
tree is still unknown to us (prob- 
ably a greater tenderness, poros- 
ity and torn condition of the 
bark), as is explained by an obser- 
vation on grafted older trunks of P'raxinus: The stock, possibly one to one 
and a half meters tall, appeared only scantily covered with lichens while 
the grafted scion, which at times bore a 12 to 15 year old crown, was closely 
covered by lichen growth. As a rule, cankered places on old ash trees, 
standing on wet ground, are covered with lichen. 



Fig. 136. Juvenile condition of apple 
canker. 
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In regard to the juvenile condition of cankered places, I mentioned 
under Frost Tears that I considered such small tears to be the initial stages 
of the canker excrescences. In the adjacent picture 1 give an illustration 
of two branches in natural size, as I found them on an apple tree, suffering 
from canker. In Fig. y6 a is shown an oval depressed part of the bark 
near a bud. The growth which took place after the injury has so in- 
creased the tension at the dead spot that the dry bark at its centre has split. 
At b we see a somew'hat further advanced stage. The de^d bark in the 
middle of the wound has already been raised by the overgrowth edges, ap- 
pearing at the side and united with one another. The places indicate at c 
and c’ in Fig. 136 show conspicuous, protruding knots, with a uniform new 
bark covering. At r are the dried scaley, somewhat 
distended edges of the primary bark of the branch, 
which has been ruptured by frost. In this, the places 
are not near a bud ; c is in the middle of an intemode 
and c' on the side opposite the bud. In Fig. 136 d 
the wound has attacked the tissue surrounding a 
bud. The bud is dead and the region depressed. 

The wound surface is here very great, the bark 
r', under which air has penetrated, is still connected 
with its healthy surroundings and that newly pro- 
duced on the edge of the dead spot has caused a 
widening of the branch, as is very frequent in blight 
wounds. 

Reproductions of open canker of the apple tree, 
as well as closed canker, show that the region of the 
trunk, bearing buds or young sprouts, is preferred in 
the formation of canker. Such a preference of the 
region below a short twig is shown in the adjacent 
figure of a small pear branch (Fig. 137). Directly 
underneath the short twig at 0 we find a deep, already 
overgrown frost tear. At h, the region of the short- 
ened branch ring with its short internodes and many 



Fig. 137. Preference 
shown by frost for 
the base of the 
branch. 


weak buds, the bark has been split by many small tears and dried like scales. 
The young, upper part (c) of the branch has remained healthy. In such 
bark splits frequently the strongest overgrowth edges are found which often 
represent a single enclosed knot covered with uniform bark, but having often 
two lip-like excrescences touching one another and usually running longi- 
tudinally. Such wound edges at times appear folded toward the twisted 
central cleft, the original bark tear, from there falling away; they then 
resemble the canker wounds. The bark tears do not always represent 
longitudinal clefts and, accordingly, the overgrowth does not always occur 
in the form of two protruding lips but rather as knotty, spherical elevations 
wdth a crater-like central depression. On a branch 9 mm. thick, I found 
canker knots 13 mm. high and 35 45 mm. broad. Other branches, just as 
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thick and two years old, at times shtjwed only very weakly callused, uni- 
formly closed protuberances, covered with new bark, which break out from 
the cleft in the old bark. 

The studies here cited determine that each canker spot has, as its 
initial stage, a wound whi^ extends as a narrow radial tear into the cam- 
bium and kills it slightly back from both sides. This wound must be 
produced shortly before, or at the time when the trunk of the tree develops 
the greatest growth activity, since the, wound surface will attempt at 
once to form a covering by means of. very luxuriant overgrowth edges. 
The luxuriance of these overgrowth rolls manifests itself in the fact that, 
especially in the closed form of canker, a partition of the annual ring 
usually occurs, the edges of which . chiefly consist of parenchyma wood. 
The edges of the wound are very susceptible because of this porous struc- 
ture, so that they succumb with ease to injurious attacks. 

We must consider frost as the cause of these forms of disease because 
it has been possible to produce, by the action of artificial frost, the same 
initial stages as are found in canker wounds. 

However, a number of very reliable observers have determined that it 
is possible by the injection of a (capsule) fungus, Nectrio ditissima', to 
produce wounds, the forms of w'hich resemble perfectly those of the open 
canker of the apple. I can confirm these statements by my own experi- 
ments. One has indeed a right to speak of a fungous canker but the above 
named parasite is not able to attack an uninjured axis. It can spread de- 
structively only if it gets into a bark wound. All inoculation experiments 
agree in this. On the other hand, the same Nectria is found in apple trees, 
beeches and other varieties of deciduous trees without causing any canker 
excrescences wdiatevcr. , Therefore, it cannot be termed the specific incitor 
of canker excrescences but will give rise to these only occasionally when 
very definite secondary conditions co-operate simultaneously. Besides the 
presence of a fresh wound surface, it depends also upon the specific pecu- 
liarity of the tree, i, e., the cultural variety, which must possess the ability' 
to respond to the wound stimulus with quickly developing, very luxuriant 
overgrowth. 

This ability is so typical that in general practice one speaks of 
“Varieties with a canker tendency.” Besides this, experience has shown 
that the tree easily becomes cankered in certain places and kinds of' soil. 
These are the so-called frost holes, having a marshy soil consistency, an 
impervious sub-soil, etc. 

These are w’ell-established facts. If we now keep in view the fact 
that Nectria ditissima must have some wound for infection, we must-ask 
whence came these wounds. From observations made in nature and from 
the results of experiments with artificial frost, we are convinced of neces- 
sity that frost injuries are the most easily accessible. Paparozzi holds to 

1 See literature iti the second volume of this manual, p. 209. 



593 


the same standpoint for the canker jf pear trees'. If the frost wounds are 
flat surfaces such as will be found later under “Blight,” the Nectria will 
infest the tree without its formation of luxuriant overgrowth edges. If, 
however, narrow frost tears, extending into the cambium, are produced 
into which the Nectria find entrance, the tree Responds with the formation 
of canker excrescences in case climate, habitat or specific characteristics 
make it capable of so doing. 

Accordingly, the fungous canker also appears to be essentially depend- 
ent upon frost Injury and its combatting or avoidance will have to be 
carried on with due consideration of the danger from frost. 

b. Crotch Caxker in Fruit and Forest Trees. 

“Crotch canker," which is of frequent occurrence in forest and fruit 
trees, should be mentioned as an especial form. It 
consists of frost wounds found at the bases of the 
branches, or twigs, which belong to the group of 
open cankers and are formed from black, dead 
surfaces differing in size with luxuriant, irregular 
overgrowth edges. The angle where the branch 
joins the main trunk is separately attacked in 
many varieties. In the so-called “bifurcations,” or 
forkings, where the difference between the main 
and the lateral branch disappears so that two equally 
str,ong branches grow out from one point, the ex- 
posed and blackened place in the wood is usually 
elevated at both sides and, accordingly, the over- 
growth edge is formed from the material of both 
branches (cf. Fig. 138). Aside from the more 
sensitive, imported trees, our indigenous forest 
trees, according to Nbrdlinger-, are also exposed to 
injuries at the crotch, especially when young; thus, t'Tj?. 138. Crotch canker, 
for example, beeches in shady positions and on poor 

soil, in which the intemodes at some distance from the crotches are also 
often covered with frosted surfaces. The annual growth of the oak also 
suffers on poor soils and the ash is found to be injured if the tree stands in 
depressions with a heavy clay soil. In such damp places I found the over- 
growth unusually luxuriant but so covered with thick, split bark, overgrown 
with lichens, that it had become irrecognizable. 

Opposed to the theory, which Hartig represents, that crotch canker is 
conditioned by spring frosts, Nordlingcr thinks the cause is frost at the 
beginning of wdnter. He bases his opinion on the investigation of the wood 
ring and on the fact that, in thousands of cases, crotch canker is very 

1 Pa.pfl.rozzi. G., II cancro del pero, Roma, poHgrrsilcai cit. Bot. C6n“ 

tr alh l, 1904 V. XXVIII p. &4. 

2 Dig S6pt6nil)6rfrost6 1S7V iind dor A3twurz6lschad6n (Ast'wurz6lkr6bs) an 
Ekumen. Centralbl. f. daa ges. Forstwesen. Wien 1878, Part 10. 
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abundant high up in the crown and in shady places, i. e., those less exposed 
to spring frosts. 

The especial susceptibility to frost of the base of the branch is ex- 
plained by the fact that, on account of the greater number of huds originally 
set there, more parenchymatous medullary bridges ’ are present, which 
traverse the wood ring. The parenchymatous wood is more tender and 
contains more starch. To this should also be ascribed the fact that bark 
beetles like to settle in the crotches and that wood mice, as Nbrdlinger 
states, frequently eat only the base of the lateral branches in poplar suckers 
(Poputus monilifera). Therefore the frost, i. e., the spring frost, kills the 
base of the branch most easily. 

In old, weakly growing trunks, the luxuriance of the overgrowth 
edges decreases considerably and can become so slight that only narrow, 
circular overgrowth edges are present, which push out slowly from under 
the dead bark. This blight corresponds to that of the crotch injury, since 
in open canker, the first stage is not a cleft but a collapsing, drying dead 
bark surface. Hence, the expression “crotch blujht” frequently used hy 
many practical workers. 


c. Canker on Cherry Trees. 

In sweet cherries are usually found semi-cylindrical protuberances on 
the twigs, or older branches. The outside of these swellings, often thicker 
than one’s fist, not infrequently seem depressed, as in blight; the dead 
bark is split and partially stripped from the blackened wood body, still 
remaining attached as larger scales with up-rolled edges (cf. Fig. 139). 

The barrel-shaped swelling on the branch represents an abnormal de- 
velopment of the overgrowth edges (n and m') of the wound (sp) which 
does not close entirely, as is also found in the "closed canker of the apple.” 
In the latter, however, the overgrowth tissue is a sudden, unusually lux- 
uriant widening of the annual ring, while, in the cherry, the swelling of the 
normal side of the twig shows a gradual transition to the excrescent over- 
growth edge. On this account, the closed canker of the apple has the form 
of knots but the completely developed canker of the cherry a gradually 
increasing barrel-shaped thickening. Besides this typical form, various 
transitions are found from the closed canker knots, on the one hand, to 
the flat wound, on the other, which is termed blight. 

Conical swellings are found at the base of older branches of trees, 
suffering from canker, which can offer all the transitional forms up to the 
typical canker swelling. The initial stages are found on one side of the 
branch in the form of a small frost wound alongside the first annual ring. 
An especial emphasis should be laid here on the fact that the enormous 
overgrowth tissue seems often to be developed from a medullary bridge. 
This, therefore, points to some direct injury to the bud. The development 
of the overgrowth edges is continued in subsequent yq^rsy when only paren- 
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chyma wood is formed in which staich is rapidly and abundantly deposited. 
If the canker swelling has become considerably extensive, the branch dies, 
as a rule, above this swelling; in this, stroma- forming fungi (usually from 
the family of the Valseae) greatly co-operate. They appear in the form 
of small warts. 


If the young branches (i to 2 years old) of trees suffering from 
canker are examined, blight-like places, often several centimeters long, arc 
found, with lip-like overgrowths instead of individual buds, while, on the 


parts of the branch above and below 
these places, the buds have developed 
to short shoots. It is evident from 
this that the injury to the branch 
must take place before the breaking 
of the bud. 

Since, however, no injury of any 
kind can be ascertained in the year in 
which the branch is formed, but will 
be found only in the following spring, 
it must have arisen in the winter or 
at the beginning of spring; the as- 
sumption is, therefore, pertinent that 
the bud, as it unfolds in sprouting, is 
killed by the frost and that the accu- 
mulated plastic material is now used 
in the formation of the excrescent 
edges of the wound. Since the tissue of 
these overgrowth edges remains as 
soft as the parenchyma and is almost 
always found filled with starch, it is 
clear that, in the following winter, its 
edges succumb very easily to injury 
from frost and new excrescences are 
produced from the deeper lying zones 
which remain healthy. A consider- 
ation of the cross-section in Fig. 139 
makes dear the whole process. This 



lOff. 139. Cherry canker frost cleft 
overgrowth edges In longitudinal 
view and cross-section. 


shows that the clefting of the axis 

has begun at a short distance from the pith body (wi) and in the 
second annual ring. The third annua! ring has already furnished 
luxuriant overgrowth edges (/) which, in turn, split the following year 
{sp'). These secondary clefts cause secondary overgrowth (f). The 
barrel- shaped canker swelling, however, is formed chiefly by the ex- 
crescent wound edges of the main cleft, which are radiatingly arranged 
(k). Thus an annual ring inside the canker swelling is divided into 
several rings, aSein^the closed canker of the apple. The bark body 
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(f ) also forms corresponding excrescences and, in places, develops thick 
bark scales. 

In the canker of the cherry, as in all canker diseases, only scattered 
individuals are found diseased in large plantations. I often found in the 
healthy shoots of these cankered examples 
abnormally broadened medullary rays, a phe- 
nomenon which may be observed also in 
otlier kinds of trees. I, therefore, surmise 
that the inclination to become diseased with 
canker may be found in the individual ten- 
dency toward a widening of the medullary 
rays. 

The Canker (Scab) of the Grapevine. 

In the older wood of grapevines near 
the surface of the soil, about lo to 50 cm. 
above it, are found scattered, small spherical 
or large barrel-shaped, out-pushings of the 
wood from the bark, with a beady, irregular 
upper surface, split lengthwise into fibres. 
Fig. 140 shows a beady canker swelling 
between the strips of bark which are drawn 
in white. In .small, isolated outgrowths, their 
production, according to Gothe’s' investiga- 
tions, is clearly recognizable as the over- 
growth tissue of longitudinal clefts. The 
clefts appear at the edge of the annual ring, 
from which it must be concluded that they 
were produced at the time when the de- 
velopment of the next annual ring began, 
caused by the dying back in spots in the 
cambial zone in the spring. In regard to the 
production of the excrescences, I have stated 
some differing observations of my own, 
under the head of the disease to be treated 
next, — Canker of the Spirea. 

The injury, wdiich killed the cambium, 
has also caused a considerable circular sur- 
the^grapevine.'*'^'"'*^** 0^6 wood to turn a deep brown. 

The overgrowth beginning at the healthy 
place, which often quickly closes the cleft, is characterized by an excrescent 
luxuriance of the wood and bark. The woody edges, curling out towards 
one another, consist of soft, ductless parenchyma w'ood, without any real 

1 Mitteilungen iibep den schwarzen Brenner und den Grind der Reben. Berlin 
und Leipzig, H. Voigt, 1878, p, 2? ff. 
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prosenchymatous elements, i. e., thfey exhibit the characteristic structure 
of the excrescent wound wood. If the overgrowth edges have united into 
a connected annual ring, this grows further in such a way that it is sub- 
divided by medullary rays. The direction of these medullary rays continues 
that of the medullary rays of the wood formed the previous year. There- 
fore, this wood has undergone only a temporary interruption in the brown 
dead tissue. 

The changes and tissue excrescences described are never found in 
wood of the current year. 

Gothe thinks the bead-like appearance of the tissue excrescence, "which, 
growing extensively radially, splits the old bark, is explained by a complete 
"overlapping, inward growth” of the overgrowth rolls, w'hich are present 
most abundantly at places on the vine lying about 30 cm. above the surface 
of the soil. Examination shows that, starting at such places, the number 
and extent of these swellings decrease aw-ay from as well as towards .the 
soil; close to it, and about one meter away from it, they occur very rarely. 
With a slight development of the disease, the attacked trunks may vegetate 
for several years and then still produce bearing wood. With a greater 
development of the canker sw'elling, the wood, lying above it, dies. 

The rapidity, w'ith which Ihe canker swelling is produced, is proved by 
the fact that, on August 8lh, plants were found in which the grafting tape 
lay embedded 0.75 cm, in the tissue excrescences. Therefore, the entire 
canker swelling, 2.5 cm. thick, can only have been produced after the time 
of grafting (in May), for it can not be assumed that a scion would have 
been inserted in a diseased vine. 

Gothe has proved by the following experiment that the injuries to the 
cambial ring take place in the spring. In April, when the vines were 
pruned, 12 strong bearing vines were tapped, between’ two nodes, with a 
dull iron, in such a way that an injury to the cambial layer could be as- 
sumed. Glass tubes w-ere then shoved over the injured places and the 
openings closed. The first traces of the swellings couki be proved as early 
as June 8th, while on specifically scabby vines the tissue excrescences did 
not appear until June 20th. Up to autumn, perfectly normal scab struc- 
tures continued to form in the glass tubes, with also the same anatomical 
structure as naturally formed excrescence edges. 

Spring frost may be considered as the cause of these excrescences in 
nature. Most of the literature which proves the appearance of grape 
canker after spring frosts also favors this assumption'. It is also strength- 
ened by the discovery that grape canker occurs only in the so-called frost 
holes. Gothe cites in this connection, an example from a vineyard which 
began on a small slope, passed through a hollow and rose again on the 
opposite slope. On both slopes the plants were healthy, but in the hollow 
were found to have been attacked by the disease. In a subsequent test, the 

1 GBthe cites v. Babo, Weinbau, p. 305; Domfeld, Weinbauschule, p. 129, 
KShler, Der Weinstock und dor Wein, p. 20.'); du Breuil, Les Vignobles. 
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observer found that the disease had ocairred on 20 other vines, which stood 
in depressions in the soil. 

The fact that the grape canker appears at a definite height on the vine 
is explained by the various differences between the heat maximum and 
minimum to which the vines, at different heights, are often exposed at the 
time of spring frosts. 

Draining of the soil might prove the most effective method. Kohler 
has already announced favorable results in his above-mentioned works. 
Beside^ this, attention should be given to the planting of hardier varieties 
and especially the choice of suitable positions (moderately moist, porous 
and warm soil). 

It is not inconceivable that the scab, without the action of frost, may 
be produced by an accumulation of plastic materials, as Blankenhorn and 
Miihlhauser believe they have observed as the result of too severe cutting 
back'. It is certain that the beginnings of the swellings, occurring in the 
form of medullary ray excrescences, can appear in the vines in which in 
the spring the bark has been raised in places from the wood of the previous 
year. Such canker e.xcrescences, as said above, can mature without any 
injury from frost, just as canker-like, excrescent overgrowth edges are 
found in luxuriantly growing pomaceous varieties. But in such cases, the 
deep, extensive browming of the wood body is lacking. 

c. Canker on Spiraea. 

A disease, not yet described, showing great relation to the canker ol 
the grape, attacks the bases of the stem of Spiraea opulifolia. The disease 
seems to occur more commonly only in regions with very cold winters. The 
material which I had for observation came from East Prussia. 

Other wood, at least two years old, with strong annual rings shows at 
the stem bases unusually abundant hemispherical swellings of the wood, 
scattered, or in rows like chains of beads, or in masses. (Fig. 141 A, k, 
kk). The size of these swellings varies from a few millimetres up to 1.5 
to 2 cm. in diameter. The swellings are brown, darker than the outermost 
bark layers, which they rupture, and loosened in tatters. They are ^ften 
cleft or depressed in the centre like a funnel and provided with thick granu- 
lated, torn surfaces. No single bark layer can be raised, since the tissue 
of the swelling is brittle and easily breaks off in pieces. 

In cutting away a considerable sw'elHng, or, as one is justified in saying, 
canker knot, it is found that lamellae or firmer material radiate otft from a 
more or less broad base. However, the lamellae neither extend through 
the whole thickness of the canker, nor are they separated sharply from the 
tinder-like, decayed, darker ground tissue. This itself is to be considered 
an excrescent continuation of the last annual ring, which becomes more 
and more delicate toward the periphery. 


1 cf. Wiirzburger Weinbaukongress. 
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In Fig. 141 B, which gives a cross-section of the canker knot (k) from 
Fig. 141 A, m indicates the pith body; a, the uninjured annual ring of the 
first year’s growth ; b, the cleft ring of the second year ; c, the wood of the 
third year, which is growing out into the canker swelling (A) ; i represents 
the firmer tissue islands and stripes in the tinder-like ground tissue. 

In the cases which have been observed up to the present, the main part 
of the canker knot has seemed to be the production of a single year and, in 
fact, a one-sided woody excrescence over a place which, even in the pre- 
vious year, had formed a wedge-shaped zone of porous, parenchymatous 
wood tissue, its pointed end toward the interior. In so far two years are 
necessary for the completion of the canker knot. If the above mentioned, 
wedge-shaped zone is traced backward to the annual ring of the previous 
year, it will be seen that this originates in a brown, slender place in the first 
spring wood. 

The adjoining anatomical picture, Fig. 141 C, will facilitate the expla- 
nation. The whole figure C is a radial section of the second annual ring 
from a .Spirea stem and contains the tissue zone which is preparing to 
develop into the real canker swelling. The line f io ff represents the strip 
of changed tissue, which in its further development in the following year, 
will have become a complete canker knot. The tissue shown at a is the 
autumn wood of the first annual ring. No disturbance has been observed 
in the wood body of this first annual ring, just, as in the canker of the grape, 
the first annual ring has a perfectly normal structure. The wood of the 
second annual ring (b) at first began a normal development and continued 
il up to b’. 

At this time occurred some disturbance which produced the cleft (d), 
and browned its edges (c'). The time this split was produced must have 
been that of the greatest formation of new wood for, only a few cell row's 
farther, wc find that the split is closed at A,. and the annual ring has grown 
further with the formation of groups of normal parenchymatous elements 
(p). Only a single cell-row (A) forms a radial stripe, with shorter cells 
containing wider lumina. Now' the abnormal wood stripe, instead of dis- 
appearing as the annual ring matures and increases in width, grows broader, 
since more and more cells take part in the changed form of construction 
(kk). Thus the disturbance advances until the second annual ring is fin- 
ished and then begins, to a renewed extent, in the spring zone of the third 
annual ring (c-c). 

Even when the second annual ring is finished, the stripes of the begin- 
nings of the canker may be seen to project as slight elevations above the 
periphery of the remaining wood ring. In the spring of the third year the 
new formation at this place is so luxuriant that the rapidly growing canker 
knot, strengthened by the equally rapidly -excrescent part of the bark (k 1 ), 
ruptures the normal bark (r) at sp and now grows further, as it were, as 
a foreign structure, in order, after some weeks, to end its growth, being a 
complete canker knot i to 2 cm. thick. 
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Similar formations' are found in>the canker of the grape. Only I have 
found as yet that the disturbance, setting in at the beginning of the second 
year, and corresponding to the holes (rf), consists of a broader tangential 
elevation, circular in form. It give the impression that, at the beginning 
of the period of growth, the bark was raised from the wood body for a 
considerable distance. My repeated experiments with artificial frost show 
that this process can actually occur and, in fact, it is met with rather fre- 
quently in various trees. As a result of this lifting of the bark, a tangential 
hole is produced on the grapevine, usually at the place where, on Spirea, 
the slender, radial cleft is found. The raised bark forms, first of all* wood 
parenchyma and this soft wood body passes over very gradually, in the 
course of the following summer, into normal wood. Here, however, some 
of the broad medullary rays arc found above the raised part which have 
developed especially and at the end of the year project as delicate tissue 
caps. 

In the grapevine, as in Spirea in canker formation, these are not neces- 
sarily overgrowth edges, as is always the ease in the canker of the apple ; 
in the former, tissue cushions of a wood body which has become parenchy- 
matous develop to canker knots. These cushions at first appear uninjured 
and are at any rate caused by some previous disturbance. This explains 
the theory expressed by Blankenhorn, on the canker of the grapevine, viz., 
that the stoppage of plastic materials (for example, with too strong prun- 
ing), can cause the canker excrescence. 

The formation of the canker excrescence often indicates some modi-.' 
ficatlon, inasmuch as the canker cushions, produced in the first year, are 
partially killed by the frost. Then the central, most delicate part suffers and 
represents a black, dried core. In the following spring only the edges 
grow further, just as do overgrowth edges, and line the cleft, as is shown 
in Fig. 141 B. It has been said that the parts of the edges of the growing 
canker knot continue growing “after the manner” of overgrowth edges. 
Actual overgrowth edges, spirally curved, are found only rarely (as in the 
canker of the grape) . 

Fig. 141 B shows that the wood ring of the third year passes over 
imperceptibly into the canker swellings. Therefore, the canker swelling 
is actually a wood formation but this wood, because o'f the enormous rapid- 
ity of the tissue formation, is a structure so soft and so similar to the 
likewise excrescent bark tissue, which is dying back from the outer side, 
that it is often difficult to determine the boundary between them. This 
porous wood, which I have found so very soft only in the canker of the 
rose, forms, on the dead swelling, the brown,, tinder-like ground mass, of 
which we spoke at the beginning. The firmer, lighter colored parts are the 
islands of thick-walled wood cells and ducts (Fig. 141 B, i) increasing in 
breadth and thickness at the periphery. In canker knots of different sizes, 
the groups of ducts (r) are sometimes found in the form of wedge-like 
lamellae, becoming thicker toward the outside, sometimes (as in Fig. 141S) 
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in the form of spherical groups witlv a sheath-like arrangement of their 
elements. The groups not infrequently unite and in this way cause a 
greater firmness but no complete wood ring has ever been observed. It is 
these isolated parenchyma and duct groups which in pruning so greatly 
resist the knife, that they are tom loose from their connection with the 
other tissue before being cut through. Hence the easy crumbling of the 
canker knot. 



Fig. 142. Hose Canker. Concentric overgrowth edges may be recognized, rising 
like terraces around a 'central, dead wood surface. 


f. Canker of the Rose. 

In the culture of the newer climbing roses, which (according to 
Crepin-Briissel) have resulted from a crossing of Rosa Indie a with R. 
multiflora and are called Polyanthus varieties, we have become acquainted 
with a phenomenon which comes under the head of canker excrescences. 
The adjoining Fig. 142 A and B, represents such canker swellings as are 
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found at the base of the strong steals of Crimson Ramblers in Germany. 
Their appearance on the lower part of these rose stems, which, as is well 
known, grow most luxuriantly in Germany, reminds one of the same occur- 
rence in the canker of the grapevine. As in all forms of canker, we find 
here also that the region of the axis is preferred where branches {A, a) 
are produced and the base has strongly thickened or split open into curled 
excrescences (B, iib). As an explanation of this phenomenon, it need 
only be remembered that the wood ring is broken and especially susceptible 
to disturbances at that part of the normal axis where a branch starts, for 
the pith body is widened at the place of insertion of the twig into* a pith 
bridge, transecting the wood ring and passing over into the lateral branch. 
In such a developing branch the eyes stand closest together at the base; 
they may often be but little developed, because the leaves are still bract-like 
or incomplete, but the parenchymatous medullary bridges, which traverse 
the wood ring, are present. 

The canker spot on the main axis in the present case, as in the “open 
canker of the apple,” shows a central wound surface with an exposed brown 
wood body (Fig. 142 A and B, lo). This surface is encircled by terrace-like, 
rounded overgrowth edges («). These wound edges, however, do not 
retain their uniform wall-like character, as in the canker of the apple, but 
develop into irregularly knobbed, or beaded, heaped up tissue masses. In 
other cases, the canker of the rose occurs, like the canker knot in Spiraea, 
in boil-like, united and elongated wound edges, which line a long cleft, 
starting from the base of the branch. All excrescent tissues ultimately 
rupture the bark (r). 

An insight into the production of these excrescences, which are not 
exceeded in luxuriance by any other canker swelling, is obtained from 
the above reproduced cross-section of a rose stem, at the place where it has 
formed a small, isolated bead-like elevation (cf. Fig. 143). We perceive 
that the stem has developed normally in the first year ; a normal wood ring 
(A) surrounds the pith body which has broad medullary rays (mjf) and 
which ruptures later (i'). In the second year, as the first cell rows {gr) 
of the new wood ring were in the midst of- developing, some disturbance 
must have made itself felt in the form of some break in the tissue, for the 
new wood ring (hp), for the most part, has taken on the character of the 
parenchyma wood and only in places (A') has it retained the normal wood 
structure, characterized by the formation of ducts and thick-walled wood 
cells. The cause of this breaking up of the tissue has been a split in the 
bark, traces of which may be .seen in the lip-like, small indentation at the 
upper side of the figure. The cork layers (A) of the bark, which cover 
this, have been split and the overgrowth tissue {w) swelling out from both 
sides, which has been covered in turn with a cork mantel, has coalesced into 
a closed mass in the immediate proximity of the tear (which is not shown 
in the drawing). If this tissue is traced backward toward the healthy 
(upper) side of the branch, starting from the most luxuriant place of 
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excrescent tissue (w), it is found that this gradually dwindles away and 
inside the bark begins to take on a normal character (fg.) Here the ar- 
rangement of the hard bast cords is still approximately normal but their 
structure has been-^changed greatly. The majority of the bast cells have 
a yellow, swollen content and easily browmed walls. Nevertheless, they 
are distinguished, as strong, light-colored groups from the deep brown bark 



Fig. 143. First stages of the rose canker. 


parenchyma which is cut off from the outer colleiichymatons bark layers * 
by the subsequently produced layer of plate cork (k'). 

The drawing shows, however, that the ring of bast cells (b) is removed 
farther from the wood body the further it advances into the tissue of the 
excrescence, ft is, therefore, pressed away from the wood body by the 
increase of this body . At the same time the bast ring is seen to have been 
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pushed back further from the outar collenchymatous layers. Therefore, 
cell increase must have taken place in the primary bark. 

The question should now be asked as to whether the tissue, which 
presses the bast ring away from the wood, is exclusively a product of the 
secondary bark or whether the wood cylinder itself has contributed to this. 
We find the answer in the tissue group (Ap') which represents the paren- 
chyma wood. We find such groups of parenchymatous wood within a soft, 
thin-walled tissue, when bark wounds are healed by the formation of new 
tissue from the youngest sapwood layers, remaining on the wood body. We 
learn further, by studying the false annual ring (cf. False Annual ?^ings) 
and the healing processes of inner frost tears, to recognize the formation 
of parenchyma wood from the broken sap wood layer. Also, in the pro- 
cesses of grafting and especially those of budding and bark grafting we 
find that cicatrization tissue has been formed from the youngest sap wood. 


if the actual cambial zone has been injured. If the cambium is retained in 
an injury but the bark mantle is broken by a tear in the bark, the cambium 
develops into a tissue, at first parenchymatous, which, at the edge, gradu- 
ally passes over into a normal wood structure, according to the amount in 
which the normal bark pressure is restored (cf. Wound Healing). 

The same new growth can also lake place on the inner side of the bark 
if this is raised from the wood cylinder without an entire interruption of 
its nutrition. I have carried out the experiment with cherries in such a 
way that the still smooth bark of the young trunks was loosened in strips, 
connected at their upper ends with the uninjured bark mantel left on the 
axial cylinder. At the places where the upraised strips passed over into 
the uninjured bark, I found the same callus formed on the inside which 
later was differentiated into bark and wood. It has therefore been deter- 
mined experimentally that exposed wood can produce new bark and that 
upraised bark tatters can produce new wood when still attached at their 


upper end to the wood body. 

In this way, the procesis in rose canker becomes easily understandable. 
In the first spring, a tear appears in the bark which extends to the cell rows 
of the spring wood of the new annual ring already formed and results in 
the lateral raising of the bark from the cambium as shown in the holes (/). 

At first the constricting influence, which the cork girdle (A) usually 
exercises on bark and young wood, is wholly overcome because of this cle t, 
which results in a luxuriant increase of the young wood (on the under side 
of the figure) where the cambial zone has not been destroyed, and the luif- 
uriant increase of the parenchyma of the inner bark where this had been 
raised from the young wood (at / on the upper side of the figure). The 
new structures, whether formed from bark tatters, or young wood, are 
uniformly callus-like and pass over imperceptibly into one another. It is 
these new structures which have ruptured the previously continuous has 
ring {b. &'), have pressed outward the most strongly injured part {b ) and 
caused its death after splitting it off from the outer bark. 
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The main question is, in what way can the first radial cleavage have 
taken place. And the only answer to this can be; as the result of frost. 
For we again find here the browning of the pith crown, the tearing and 
widening of the medullary rays, the phenomena of elevation and cleavage 

of the tissue which I have been 
wBch able to produce experimentally 

A, action of artificial frost, 

k ^ JW Only. I have not been able to 

produce artificially the secondary 
phenomena, viz., the luxuriant 
tissue increase. This probably 
CAHwl based upon the fact that in 

using artificial frosts I have not 
n yft found the proper juvenile 

rlSB fl developmental condition. This 

Wb must be the time when the cam- 

bial activity has just begun, as is 
evident from the small number 
*■*'' '^ysts just formed by the 
new annual ring. If the dis- 
/ tsSS turbances occur later, capacity 

^ ''^®'^hon in the tissue is less 

\ and the excrescent cell increase 

t®he place, Gothe’s ex- 
ygflKP periments show how very deter- 

YBb minative the time of injury is. 

4 As already mentioned, he pro- 

duced excrescences resembling 
canker of the grape, by a 
K continued tapping of the grape- 

siffilk early spring. The 

^ grape canker is closely related 

WS 9 ontogenetically to the canker of 


nw| g. Canker of the 

M|V Blackberry. 

■ It is a noteworthy fact that, 

Fig. 144. canker of the wild blackberry. exception of grape 

canker, all the other canker ex- 
crescences are found in the family of the Rosaceae. In the canker of the 
blackberry, cauliflower-like, hard, glistening, white tissue masses with a 
beaded warty surface are produced on the older wood (cf. Fig. 144 k). 
These tissue masses sometimes form isolated spheres ; sometimes collect in 
elongated, wart-like cushions, as in Spiraea. The region of the eye is the 



preferred place of production. The bark is split and partially thrown back 
like wings. 

With an abundant appearance of the canker swellings, first of all, the 
folfege turns yellow, then the stem begins to die back slowly from the 
browned eyes. By July, as a rule, the diseased branches on the same 
shoot, side by side with bright, perfectly green ones, have died back entirely. 

If healthy plants are examined for such cankered stems, either small 
reddish, or brown, long ridges are found, or gaping tears often one centi- 
metre long. I observed the same phenomenon also on many petioles. The 
sloping edges of such tears are covered also with cork. On these ^;dges, 
small beady excrescences appear in places which consist of parenchyma and 
are formed from the primary bark close to the outside of the hard bast 
cords. 

In the Rosaceae this tissue region proved to he extremely easily stimu- 
lated. I found that, after very different injuries to the bark, which gener- 
ally did not extend to the hard bast, strong branches responded to the 
wound stimulus by a [)arenchymatous increase close outside the hard bast 
cords. Often, in the canker of the blackberry, <i place of predisposition for 
the formation of canker may be noticed, for, in the spots where a wart-like 
excrescence had appeared, even in young branch shoots, the mechanical 
rings formed from the hard bast cords and other thick-walled connective 
elements are proved to be unthickened. A thin-walled parenchyma had 
appeared instead of the prosenchymatous and sclerenchymatous tissues. 

The parenchymatous, excrescent tissue in the primary bark increases 
very rapidly and ruptures the overlying normal bark layers. In the interior 
of the canker wart, a porous w'ood body is formed which is rich in ducts. 
The formation of wood elements is repeated in the peripheral parenchyma 
layers of the excrescence zone first produced since meristematic aggrega- 
tions arise from which develop tracheal wood elements, arranged like bowls 
or shells. 

The beginning of canker in the blackberry therefore is a parenchy- 
matous excrescence in the primary bark body which grows outward, with 
a cauliflower-like ramification. Only later does the tendency to hyper- 
trophy extend backward into the inner bark, finally attacking also the wood 
ring which, at first, seems to have a normal structure. As soon as the 
swellings become older and the wood body participates in their formation, 
it increases to 3 or 4 times its normal size. We find similar processes in 
dropsy, in the formation of tuber-gnarl, etc. The canker is more rare in 
Rubus ; as yet I have found it only in four cases and always in narrowly 
restricted places. 

Corresponding Features in Canker Swellings. 

In a survey of all the known material relating to closed canker corre- 
sponding features are found. (“Open canker forms a transition to blight 
and is included here). The production of a small tear forms universally 
the beginning of the disease. It may be seen in all eases that the injury must 
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have taken place in the early spring ^nd that the richly collected material 
enabled the parts surMunding the wound to form enormous excrescences 
most quickly. The p:S^chymatous character of the new structures causes 
a great sensitiveness to injurious atmospheric influences and especially to 
frost. Low temperatures, therefore, are able to injure the canker tissue in 

the next period of growth. The injured 
tissue complex can respond repeatedly with 
excrescent tissue, because, with its paren- 
chymatous nature in the previous period of 
growth, it has stored up very abundant re- 
serve substances in the form of starch. 

The canker forms In the -individual 
genera of the Rosaceae differ only in the 
manner of reaction to the wound stimulus 
and agree in that they prefer the bud and 
its immediate surroundings as the place of 
production. The reason for this may be 
sought in the division of the trunk at the 
place of insertion of a bud. The wood 
ring is always more slender here and finally 
traversed by a parenchymatous pith bridge. 

The initial stages of the canker knot, 
so far as observed, i. e., the small tears 
usually arising near the buds, have been 
produced by artificial frost, but not the 
luxuriant overgrowth structures. This cir- 
cumstance may possibly be traced back to 
the fact that a period in the spring had 
been chosen which was too late for the 
action of the artificial frosts. 

In the healthy branches of cankered 
trees an abnormally increased formation of ■ 
the medullary rays has often been observed, 
and this may indicate the explanation of 
the tendency to canker excrescences of 
certain cultural varieties, or different indi- 
viduals in certain habitats, since those ex- 
amples will answer most easily to a wound^ 
stimulus by hypertrophy, if their medul 
lary, or rather bark rays, grow luxuriantly 

in a healthy condition. 

Blight (Sphacelus). 

In contrast to the term "canker” which in general practice is usgd for 
the heterogeneous phenomena of a gradually extending disease, one under- 
stands pretty generally by the terra “Blight" the occurrence of dead,' black- 



Fig. 145. Frost spots on pear 
bark. 
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ish, extensive spots in the bark which have dried on the wood. In smooth 
barked trees, instead of large, connected blighted surfaces, numerous small 
depressed places in the bark are noticed, appearing often on one side of the 
tree. These resemble finger marks and are usually called frost plates. 
These injuries are abundant, or scarce, according to the susceptibility of 
the variety to frost and the conditions of the places of growth. In stone 
fruits, the phenomena of blight arc found most frequently in cherries and 
plums ; in the more sensitive peaches and apricots, the trunk usually suffers 
as a whole. 

In pomaceous fruits, pears undoubtedly tend most easily to injuries 
from blight. Of forest trees, the beech and oak count as especially sensi- 
tive and- in damp places the ash and acacia also. The edible chestnut is 
found in central Germany only in isolated localities. Among conifers, the 
fir seems more sensitive to frost than the spruce. The larch suffers as soon 
as it lacks sufficient light and air. The linden and maple are rarely found 
to be injured. Blight, spots are found most rarely in the older birch, elm, 
willow, poplar, hornbean, and especially the pine. 

The dying of the bark is to be considered as a direct effect of frost. It 
penetrates to different depths and can, accordingly, produce a different ■ 
appearance in the different blight wounds. Thus, for example, frost fre- 
quently attacks only the youngest layers of the bark and sap wood, includ- 
ing the real cambium. The older, outer layers of the bark die only from 
lack of nourishment, since the bark, killed by frost, turns dark in a short 
time after thawing. We find in the spring (especially in pears) depressed, 
sharply outlined places, often only very small in extent and at first only on 
different sides of the trees, or branches. These places soon become dry 
and adhere to the wood (Fig. 145 p)- They are the above-mentioned 
“frost plates” found by many fruit tree growers. A cleft appears at the 
boundary between the dried part of the bark and the healthy part, which is 
raised up by the growth in thickness of the trunk. The dead part of the 
bark is again cut off from its surroundings by this cleft and loses its ar- 
resting influence (Fig. 14S r). 

The arrestment, exerted by such a dead place, lies in the increased 
pressure of the bark mantel so long as this bark mantel is still connected 
with the dead, dry, inelastic tissue. The bark pressure will be greatest 
near the dead places and the number of newly formed elements the 
smallest. 

I We find this at the beginning of the healing processes. The tree en- 
deavors to cover the dead places by the formation of overgrowth edges 
from the healthy parts of the bark. This can take place m two ways, 
according to the kind of blight injury: If the branch, at time of the 
frost, already has some older wood, which is browned on the blighted side 
blit not split off, then the overgrowth edges often gradually push between 
the dead bark and the wood body and slowly lift the scale-like, dry 
brown mass of the bark. With each successive year, the overgrowth edges 
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approach more and more closely to one another from the sides until they 
finally unite, cover the blackened place in the wood and thus push out the 
previously attached bark and throw it off. 



In Fig. 146, which represents a blighted young 
pear trunk, W'e see at the top, the old, blackened, 
exposed wood body which originally was covered with 
bark in a fresh condition ; it is left light in the drawing. 
The bark on the whole side of the tree has been killed 
by frost, dried up and thrown off from the healthy 
part by the overgrowth edges which appear after frost. 
The swollen place at the base of the drawing illustrates 
the broadening of the flattened trunk, which occurs 
frequently at blighted places because of the in- 
creased formation of wood by the uninjured, adjacent 
tissue. 

On thin twigs, the frost plates are often very 
small, but the wood under the dried bark is found to 
be split radially. The cleft, which closes after the 
abatement of the frost, is now rapidly overgrown; 
the dead bark is thrown off at once and the over- 
growth edges unite. In this, the union takes place 
after the manner of frost ridges, i. e., the edges rise 
up like ridges above the normal plane of the annual 
ring, while the broad wounds which are closed very 
slowly show the axial cylinder to be flattened at the 
frozen place. 

In both cases, however, the overgrowth edges are 
distinguished by the fact that they arise under the high 
pressure of the dead bark and, on this account, are 
smallest at the outermost ends and pointed like wedges. 
This -wedge-like growth of the overgrowth edges, 
which spread out over the dead surface, is a character- 
istic of blight in contrast to canker. The overgrowth 
edges of canker increase in thickness towards the place 
of injur-y and, like rolls, sink down into the open split 
ivhich forms the beginning of the canker. 


It may easily be seen, that the tissues of the over- 


Fig. 146. Young pear growth edges differ according to the pressure condi- 
kinda of blight spots, tions, under which they arise. This has been discussed 


more in detail under canker. 


In Fig. 147, the dark place B corresponds to the frost plate p in Fig. 
14s; f is a piece of dead bark, the healthy part of whiefi' (R), recognizable 
by its white, glistening, hard bast bundles {hb), is separated from the dead 
tissue by a diagonal cork zone, adjoining the normal cork covering (K) at 
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B. The annual ring, produced after the frost, is marked J. If this is fol- 
lowed back to the place of injury, it Is seen to diminish suddenly to a point 
and to be entirely absent under the dried, dead place in the bark {f, t). 
Only the next annual ring would be able to push between these. The 
structure of these pointed overgrowth edges resembles much niore the 
normal wood because of the very scantily formed parenchyma wood and 
the rapidly appearing thick-walled wood cells together with the ducts, than 
does the lip-like wood parenchyma overgrowth edges of the canker (cf. 
“Open canker”). 

In the adjoining Fig. 147 
we see, above the pith bridge 
(m), the normal annual rings, 
interrupted by, darker, sickel- 
shaped zones (pz), which here 
appear gray. These zones con- 
sist at times of thinner, walled, 
ductless, shortened parenchyma 
cells, and at times of wmod 
parenchyma, richer in starch. 

In luxuriantly growing varie- 
ties the radii of the medullan' 
rays, which here are straight, 
appear somewhat bent and dis- 
place the longitudinally elon- 
gated w'ood cells and ducts 
from a diagonal to a horizontal 
direction. 

It was stated above that the 
frost plates should be consid- 
ered as narrowly limited scald 
injuries of relatively small ex- 
tent in. all directions, which 
could, however, be found dis- 
playing all transitions up to 
large, blasted surfaces cover- 

ing the whole side of the tree. Cross-section through a pear stem 

Besides occurring . in pears, at a wight .spot, produced by frost 

such frost plates may also be 

found in the red beech. On branches of a beech thickly covered by such 
* plates, the browning of the contents of individual cells, scattered through 
the pith, could be proved to be the final radiation of the frost action in its 
furthest extension into the healthy tissue. These cells undoubtedly have a 
different content f?om the other pith cells, which have remained colorless 
and, in cell contents, probably approach most nearly those of the medullary 
crown, which likewise easily become brown. 



Fig. 147. Cross-section through a pear stem 
at a blight spot, produced by froat. 
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The browning does hot extend into the surrounding tissue, as in wound 
rot, for the cells already existant, as wfell as those formed later in the imme- 
diate proximity of the tissue browned by frost, remain clear-walled and 
healthy. The browned medullary cells contain as much starch as do those 
not attacked, so that the brown color can not arise from a change in the 
starch but from some other substance. The pith does not suffer in every 
case. Often the wood in 2 to 3 year old branches is so browned that a 
yellow, gum-like filling of the ducts extends up to the medullary crown and 
the medullary rays also appear brown almost to the centre ; the pith itself, 
however, having no diseased discoloration whatever. Such differences 
take place in different internodes of the same branch. Nevertheless, the 
rule holds that the initial stages of browning are found, on an average, in 
scattered cells of the pith, especially those of the pith crown ; that, at first, 
only the contents and then later the walls themselves become discolored and 
that this discoloration of the contents seems to consist of, a browning and 
thickening of the cell fluid. The gum-like solid masses can break in sec- 
tioning into angular pieces. I believe the filling of the ducts must be traced 
back in part to the hardening of the fluid contents already existing, in this 
•way easily explaining the often drop-like formation of the filling substance. 

With increasing cold the browming of the pith, as a rule, follows that 
of the medullary rays and bast parenchyma groups in the bark. In branches 
of the red beech frost action, limited to individual vascular bundles, can 
often be recognized; the discoloration is restricted to the inner half of two 
main medullary rays, attacking first the part of the bundle which belongs 
to the medullary crown and often ending suddenly with the boundary of an 
annual ring. 

At times the wall of the duct may be found unstained or only discol- 
ored on one side, while the contents seem completely discolored. It was 
mentioned above that the secondary membrane can also participate in the 
filling of the ducts and wood cells. At first this swells up and at times, in 
fact, completely fills the lumen of the wood cell, or of the narrow duct, 
which then seems colorless and refracts the light uniformly. Besides this, 
cells and ducts are found which have turned a deep brown ; their cell con- 
tents often lie in the form of drops or rings against the wall, but sharply 
separated from it. In other cases there is no separation between the cell 
contents and the cell wall and here the participation of the wall in the 
change is certain. It also may happen that only an inner layer of the cell 
wall turns brown, swells up and finally becomes rigid. This swollen layer 
then has not space enough on the inner side of the cell, or of the duct, and 
folds inward so that a colorless cavity is found between the brown wall " 
layer, which has been pushed inward, and the outermost, unchanged portion. 

In the browning of the cambium, which usually occurs only on one side, 
the contents are only slightly browned and the cell wall floes not discolor at 
all until later. The spring wood, directly adjoining the autumn wood, seems 
to be most sensitive. It is evident in the bark, that the parenchymatous 
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cells, extending in the form of an arch from baVk ray to bark ray, and 
already elongated, suffer less than’ the inner, small celled tissue which 
bounds them. 

The observations, here mentioned, illustrate frequent, isolated cases 
but not phenomena of universal occurrence. Finally, a case in the sweet 
cherry should be mentioned as especially noteworthy. The pith of a one 
year old branch seemed split at one side up to and beyond the centre and 
the cells of the periphery of the pith grew out like filaments into the result- 
ing cavity, similar to the woolly stripes of the apple core. No gummosis 
was present. The case was observed in the so-called “frost-wrinkles.” It 
is interesting because it shows that the activity of growth in the pith, which 
in general occurs only in soft wood trees (Tilia), can be reawakened here. 

In the above mentioned phenomena of scald is also found, as a rule, 
an increase of the gum centres in the Amygdalaceae and of the resin centres 
in conifers, witlj an increase of the parenchyma masses (Fig. 147 pz) be- 
tween the normal parts of the annual ring, just as in canker. In canker, 
it can also be proved that the breaking up of the bark due to a weakening 
of the mechanical ring corresponds to the breaking up of the wood by 
parenchyma wood in the same radius, 'the hard bast bundles are absent 
from the bark of the overgrowth edges just as are the real, thick-walled 
wood cells in the wood of these edges. 


Aggregations or Parenchyma Wood. 

In canker excrescences, we have seen how tender and perishable the 
wood ring becomes as soon as it passes over into the overgrowth edges of 
a narrow cleft at the time of the greatest growth activity in the spring. 
Because of the rapidity of the production of such large tissue masses, the 
wood ring does not have time to mature prosenchymatous elements but at 
first is formed of parenchymatous, thin-walled elements which, to be sure, 
have some advantages as a storage tissue for reserve subsmnees, but show 
very slight power of resistance to parasitic and atmospheric influences. It 
is therefore easily understandable that even m healthy trees the appearance 
of parenchyma, instead of prosenchyma wood, deserves especial attention 
from a pathological standpoint. Such cases may be found everywhere. 

The aggregations of parenchyma wood can occur in the trunk in the 
form of scattered nests, or in ring-like bands, differing in length and width. 
They have been variously named. W e find an enumeration of such cases 
in de Bary^ , who sees in them an hypertrophy of the medullaiy rays. 
Rossmassler calls them "Repetitions of the pith;" Nbrdlinger, "pith spots," 
while Th. Hartig“ speaks of "cell passages. The most mature form is 
found in the so-called "moon rings." These arc brown, or white bands of 
parenchyma wood, usually extending in a ring partially or entirely around 
the trunk. This parenchyma wood appears at times to be decayed li e 




1862, p. 211. 
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tinder. These decayed 'tissue masses not infrequently give a cellulose 
reaction. Such tissue is often found*traversed by mycelium. Th. Hartig 
describes the fungus as Nyctomyces candidus and N. utilis. Rob. Hartig 
ascribes the mycelium observed in oaks to Stereum hirsutum Willd‘. In 
other tree genera, other fungi are found which destroy the wood and which 
are treated more thoroughly in the second volume, p. 385 ff^ 

In cross-sections of the wood structures termed “pith spots” appear as 
isolated, sharply bounded, somewhat crescent-like, browned, decayed spots, 
which, like passages, may be followed downward to different distances in 
the trpnk. We owe a thorough study of these to Kienitz-Gerloff", who 
observed that in willow's, mountain ashes and birches it is caused by the 
feeding of an insect larva. According to a review by Karsch* Tt/iu/a 
suspecta, Rtzb. is concerned here. This larva feeds “on the cells of the 
cambium and the youngest wood at the time of the formation of the annual 
ring.” The passages, made by it, are closed as follow's : — 1‘the cells, break- 
ing through the edges of the wound, grow quickly and divide with delicate 
cross-walls. At the same time, a complete closing of the cambial ring takes 
place and, from now on, the normal wood and normal bark are formed over 
the wound surface, while the cavity, perfectly independent of the new 
cambium, is closed by tlie increase of cells“. These injuries, due to filamen- 
tous diptera larvae, which bore their tvay into the cambial zone, especially 
at the base of the trunk and the root neck, sometimes even higher up in the 
shaft, and in water sprouts in May and June, are primarily considered as 
producers of pith spots or “brown chains” only in the varieties of trees 
named. Kienitz remarks that similar structures in other trees, especially 
conifers, do not arise from the diptera larvae above mentioned. 

In regard to the pith spots of tlic birdi, v. Tubeuf“ confirms the inves- 
tigations of Kienitz and mentions thereby that G. Kraus e.xplains these cell 
aggregations as normal structures. De Bary, as was said above, speaks of 
hypertrophies of the medullary rays and, at the first glance, one also gets 
the impression that the pith spots are caused by a widening of the medullary 
rays. These arc seen actually to become broader before they enter the 
aggregations of parenchyma w'ood and their cells take on the polyhedric, 
thick-walled, greatly pitted appearance of the cells of the pith spot which 
are filled at times with starch and brown tannic substances. In fact, it is 
often found that the medullary rays, when entering the pith, are broadened 
and unite laterally. But, supported by my “barking experiments,” I con- 
sider the newly formed, filling tissue to be a product of some cell increase 
which can take place not only in the medullary rays but in all the tissue 

'1 Hartig, Rob., Zersetzungsersebeinungen des Holzes, p. 129. 

2 Paging in the German original. 

8 Kienitz, M,, Die Entstehung der Markflecke, Bot. Centralbl. 1883, Vol. XIV, 
p. 21 ff. Here also bibliography. 

4 Bot. Jahresbericht. Jahrg. XI, Fart 2 , p. 518. 

8 Bot. Jahresber. 1883, Vol. I, p. 182. 

« V. Tubeuf, Die Zellgange der Birke und anderer Laubhblzer. Frostl. naturwisa. 
Zeitschr. 1897, p. 314. 
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forms composing the annual ring. The growth* of the medullary, or the 
bark rays, only exceeds that of other tissues in all processes of wound heal- 
ing; it thereby becomes predominate. 

Also if, in tlie above mentioned "moon rings” the boundaries between 
the already destroyed parenchyma wood of the annular bands and the 
healthy tissue are investigated, not infrequently a striking widening of the 
medullary rays is found, especially in oaks. 

In conifers, especially pines, a still more extreme form of disturbance 
may be found, the so-called “ring-barking.” At times, when the trunk is 
split, a complete cylinder, beginning at the healthy central portion of the 
trunk, separates from the apparently equally healthy peripheral vvood, as 
from a shell. This takes place because the tissue is destroyed in one, and 
indeed only one annual ring, becomes rotten and traversed by mycelium. 

This form of ring barking is distinguished by its sound, healthy core 
from the one studied by Robert Hartig* in the pine, in which a wound 
parasite, Trametes Pini (Brot.) Fr. causes the destruction of the core but 
does not extend into the healthy sap-wood. Hartig describes the rapid 
advance of the mycelium in the medullary rays and, after having discussed 
the destruction of the wood caused by the mycelium, the dissolution of the 
incrusting substances and the retention of the cellulose in the wood fibres, 
says that, “as the result of the collapse of the wood which is connected with 
this decay and loss of water, not only are radially extending cracks formed 
but often the outermost annual layers are loosened as a mantel from a 
thicker or thinner core. Thus annular clefts are produced which can have 
led to the name of “ring barking.” VVe are here, therefore, concerned with 
a form of very extensive red rot, or heart rot. According to v. Tubeuf, 
the fungus appears also in spruces and has been observed in larches and 
white firs and, in America, in the Douglas fir. Emphasis should be laid 
on the fact that this mycelium spreads “very easily in one certain annual 
zone^ and the diseased, white tissue aggregations, which now consist only 
of cellulose, may be found abundantly in the spring wood’’h This seems to 
me to indicate that the fungus finds greater resistance in the adjacent annual 
rings, i. e., the annual ring already attacked must necessarily have been 
more porously constructed. Accordingly, bands of parenchyma wood 
might contribute especially not only to infection of branch wounds by 
Trametes and other wood destroyers, but also to their distribution in the 
trunk. 

False Annual Rincs. 

Double Rings, Etc. 

Its is a well known fact* that the size and constitution of every annual 
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ring in woody plants dep’ends upon the amount and kind of leaf activity. 
This has been thoroughly treated in foitstrj' literature. Every considerable 
interruption in the activity of the leaf apparatus makes itself felt in the 
wood and can lead to the omission of wood formation in one side of the 
tree, or at the base of the trunk and in tlie root. If the cambium, which had 
been active in the spring, is incited to renewed increase in the same year 
after a period of inactivity, it begins the formation of a new spring wood 
which passes over into .autumn wood, sometimes more slowly, sometimes 
more quickly. In this way a new, normal, annual ring is produced. In 
such cases are found semi-circular double rings, or others encircling the 
whole girth of the trunk. 

We owe exact studies on this subject to Kny^, who determined espe- 
cially clearly in Tilia parvifolia that, after the sprouting of the buds* on 
shoots which had been entirely, defoliated by caterpillars, a second annual 
ring was formed. The boundary between the newly formed spring wood 
and the wood ring produced before defoliation is sharp. In Ratzeburg’s“ 
study we find repeated examples of the dependence of the formation of the 
annual ring on the time of defoliation. Sinfc different insects can cause 
complete defoliation, at different times of the year, a weakening of the 
growth of wood is found sometim.es in the same year, but, at other times, 
not until the following year (when the deposition of reserve substances is 
scanty). 

In 1886, I was able to add the action of frost to the causes which can 
bring about the formation of false annual rings. In 1895 R. Hartig.“ pub- 
lished a treatise in which he described frost rings m the oak and fir and 
considered also a different mechanical effect, viz., a drooping of the shoots 
due to a loss of turgidity. This bending of the shoots became permanent 
and could be found the following year. The drooping can also occur as a 
result of the destruction of the pith parenchyma. In the last edition of 
Hartig’s text book*, frost rings from the wood of a pine and of a spruce 
arc illustrated with the remark “in older parts of the trunk of the pine it 
was found that a so-called double ring was produced in each year of late 
frosts. I later confirmed the fact also in spruces and other conifers, that 
a late frost not only injuries the youngest shoots but even produces the 
‘double rings’ formed in parts of the trunk which were ten years old.” 

O. G. Petersen* describes and illustrates a similar disturbance in the 
structure of the annual ring of beech trees which had suffered severely from 
frost on the 17th to i8th of May, 1901, in Holland. Nbrdlinger' had 

1 Kny, L., Ober die Verdoppelur.K des Jahresringes. Sep. Verhandl. d. Bot. Ver. 
d. ProY. Brandenburg 1879. Here also discussion of earlier theories. 

2 Ratzeburg, Waldverderbnis, I, p. 160, 234; II, p. 154, 190. 

* Hartig, R,, Doppelringe als Folge von SpMfrOst. Forstl, naturw, Zeitschrift 
1895, p, 1-8. 

4 Lehrbuch der Pflanzenhrankheiten. Berlin, Springer 1900, p. 220, 221. 

5 Petersen, O. G., Natterfrostens virkning paa Bdgens ved. Sep. Det forsUige 
Porsbgsvaesen, I. 1904. 

« NSrdlingor, Die fetten und die mageren Jahre der Baume. Kritlscbe Blatter 
t Forst- und Jadgwissenschaft, 1865, Vol. 47, Part 2. 
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already observed in the normal wood formation a nng-like break in the 
form of a line of reddish tissue. Cftrresponding^ reports and observations 
may be found elsewhere which, however, do not contain any new points of 
view. Studies on canker phenomena increased our understanding of the 
disturbances in the formation of annual rings. I have proved in the apple 
canker that an annual ring, which is simple and normal on the healthy side 
of the branch, may be subdivided on the canker side into several ring zones. 

My recent studies on the oak have shown how' such a breaking up of the 
tissue may take place. 

Experimental Production of Parenchyma Wood by Frost Ac'jion. 

The cases of the production of parenchymatous wood tissue instead of 
normal parenchyma, described in the preceding chapter as “pith spots," 
“parenchyma wood bands,” “ring shells," etc., arise from a variety of causes 
which, however, as a whole, agree, in that the cambium in dififerent parts of, 
or to the whole extent of the annual ring, is more or less freed from the 
pressure of the bark girdle binding it. It may be concluded from subse- 
quent observations that frost, and especially spring frosts, furnish one of 
the most essential and frequent causes of such a loosening of the bark girdle. 

In 1904, in May, a frost had so greatly injured the younger oak shoots 
near the edges of different forest plantations, where these bordered on open 
meadows, that a number of branch tips were completely frozen while only 
the leaves of others had blackened and dried; later they continued their 
growth at the tips. When these shoots, within a few weeks, had again 
formed. new leaves, they were cut for investigation. They showed great 
differences in structure, among others that illustrated in Fig. 148. 

We recognize an irregularly pentagonal medullary body (w) sur- 
rounded by slender wood rings (h) more strongly developed on one side. 
This wood ring, however, on the outside, does not adjoin a regular cambial 
zone, as is the case in the normal branch, but passes over suddenly into a 
porous, wide-celled parenchyma wood {ph) which becomes thicker walled 
toward the bark and only rarely leaves recognizable a cambial boundary 
zone between itself and the bark. That this girdle (ph) formed of porous ■ 
tissue still belongs to the wood ring and has arisen from it, is proved by the 
short-celled, vascular elements (</') scattered in the zone of thin-walled 
cells which, in the structure of their thickening layers, seem similar to 
those of the ducts in the normal, first formed wood ring, or resemble them. 
This presence of short ducts, or duct cells, and the condensing of the whole 
zone of thin-walled cells at its periphery by the occurrence of thick-walled 
elements, resembling the true wood cells, shows, therefore, that this branch, 
injured by frost, had re-adapted itself to the normal formation of the wood 
ringf a short time after the cessation of the frost action and the formation 
of the parenchyma wood. 

If this branch had been allowed to continue growth until frost, we 
would then have had a second false annual ring, as has been observed by 
earlier investigators and was discussed in the preceding chapter. 
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different ducts of the wood ring with a reddish yellow, gum-like substance. 
The bark parenchyma contains single, brown groups. No special phenomena 
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of discoloration are visible in the collenchymatous outer layer of the bark 
but may be found in the pith crowA, which appears to be entirely brown. 
This browning decreases with the distance towards the healthier base of 
the' branch at which the sections were made. At the base of the branch 
we find only scattered cells, with yellow, swollen contents. 

A difference in direction of the holes thus produced becomes noticeable 
in the abundantly recurring cracks. Within the pith disc may be found 
the greatest radial extension of the holes which is seen to be connected with 
a peculiar, radiating formation of the pith. This is found to be distended 
into a pentagon, produced by the passing of the vascular bundlej, com- 
posing the wood ring, out from the wood ring. As indicated above, the 
cause of this extension of different bundles lies in the fact that, in each of 
the five corners of the pith, the vascular systems, destined for the five next 
higher leaves, are about to make their way outward through the bark into 
the leaves. The pith body for the leaf lying next above the part of the 
branch here illustrated, is naturally furthest distended and is adapting itself 
to passing over, as a pith connection (mb), into the next bud. The bundles 
of the two higher leaves, lying only one or two internodes above the place 
of the cross-section, still lie within the complete wood ring, but even they 
have already formed noticeable distentions of the axial cylinder (at the right 
in the figure). The bundles for the 4th and 5th leaves, following the spiral 
of the leaf insertion, still lie entirely within the wood ring and indicate 
their lateral appearance only by a slight outward convexity (at the left side 
of the figure). Between them the pith body is continued only in the form 
of a broadened medullary ray and has not widened into an actual pith 
connection. 

The holes ( 1 ), produced by the rupturing of the tissue, correspond in 
size to the amount of distention of the pith. The larger these are, and the 
nearer they stand to the buds belonging to them, the stronger is the radial 
splitting. Differing from those in the pith, we find the holes (I') in the 
bark extending tangentially. They are produced, in part, by the throwing 
off of the peripheral collenchyma of the parenchyma, rich in chlorophyll, in 
part, however, by the rupturing of individual parenchyma cells. It should 
be noticed, that the formation of holes in the bark, as also the formation of 
thin-walled tissue (ph-lij), is much greater on the sWe of the branch where 
the bundle has separated most wddely from the main vascular systeni than 
on the opposite side. Moreover, this also explains the fact that, in the 
investigation of branches injured by frost, as. a rule, one side is found more 
greatly affected than the other. The natural conclusion, that the action of 
the frost has been greater on one side is usually erroneous. For, if a num- 
ber of successive intemodes are examined by series of sections, the investi- 
gator will be convinced that sometimes one side of the same branch shows 
a greater injury from frost, sometimes the other, according to iht position 
of the bud, near which the section was made. The closer to the bud, the 
stronger the action of the frost in the branch. 
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After numerous vam attempts, the above described disturbances in 
tissue, and processes of healing, couRi at last, in the spring of 1905, be 
produced artificially. In April potted specimens of 4 to 5 year old oaks 
were brought into a greenhouse for forcing. The tender young shoots 
were exposed in May for one night to a temperature of 4 degrees C. below 
zero in a freezing cylinder. The plants were then left out of doors and 
investigated the middle of June. Here, exactly as in the observations made 
the previous year on naturally frozen oaks, the branches, injured by frost, 
showed very different forms of disturbance. Among them were some 
resembling typically the natural injuries described above ; only the processes 
of healing, which here begin clearly at the medullary rays, were much less 
extensive, which may be traced to the fact that potted specimens always 
develop more weakly and slowly than forest trees growing in open ground. 
The observation was also made, that the clefts in the tissue seemed to be 
less extensive, the older and stronger the branch was at the time of the 
frost action. I conclude from this that injury from frost only leads to 
the formation of parenchyma wood within an annual ring when it affects 
very young, tender shoots at the time of the greatest growth in length. 
Besides this, favorable, warm weather must follow the frosty nights so that 
cell increase can continue at its former rate. The building material, in the 
form of mobilized reserve substances, is present in the branch, injured by 
frost, in the same amounts as before the action of the fro.«t, but the newly 
produced cell elements develop differently because the conditions of tension 
in the branch and the resulting pressure on the cambium have become dif- 
ferent, due to the breaking up caused by frost. 

The Theory of the Mechanical Action of Frost. 

The phenomena, which came to light in the above described natural 
and artificial frost injuries to young branches, however they may vary, can 
be traced to simple mechanical proce,sses. In this we still refer to the above 
illustration of the oak branch in which we see that the pentagonal wood 
ring, surrounding the medullary disc, passes over suddenly into a light zone 
of delicate tissue (Ig) and this gradually forms, toward the perihpery, 
tougher elements, which have the character of normal wood (h). 

The illustrations 2 to 6 in Fig. 149 serve to orient the place of origin of 
the thin-walled tissue. These show enlarged portions, drawn cell for cell 
from the right side of the above figure (Fig. 148) at the region of the sec- 
tion, lying between Ig and b. In all the drawings, the upper angle is the one 
toward the pith, the under angle the one toward the bark which, in fact 
(Fig. 149 2, 4, 6) even shows bark elements. The uppermost cell groups, 
in part designated by h, form the boundary of the wood ring which was 
present before the action of the frost. These pass over directly into the 
thin-walled tissue (Ig) of the thin-walled stripe (Fig. 149 2, y). In tliis, 
the medullary rays, which in normal wood are only one to two cells broad 
(Fig. 149, 5>n s) have become enlarged and irregularly many-celled. They 
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contract to their former 'breadth only where the porous tissue passes over 
into the secondary wood (Fig. 149 2, f, h') with regular ducts (g'). Then 
a normal cambial zone is formed again (Fig, 149 2 c) which, at the time 
when the medullary rays were broadened excessively, had become irrecog- 
nizable, since cell division took place absolutely irregularly in different 
regions of the ring of thin-walled tissue. As soon as the formation of the 
regular cambial zone begins again, the loose bark tissue also differentiates 
itself in such a way that juvenile bast groups (Fig. 149, 4 b and 6 b b') 
again becomes recognizable. 

Tie fact, that no dead tissue of any kind is present between the wood, 
matured before the action of the frost (h), and the looser, thin-walled 
tissue (Ig ) , proves that the young wood, the sap wood ring, has passed over 
directly into the parenchyma wood of the ring of thin-walled tissue. Never- 
theless, this parenchyma has retained its connection with the wood body. 
On this account, it is not surprising that, after the cessation of the causes 
which had brought about this parenchymatous formation of w'ood, the tissue 
gradually re-assumes the normal wood character and adapts itself to the 
formation of a secondary wood ring (Fig. 149 2 and j h'). Tn fact, indi- 
vidual elements of the sap wood, the thickening of which had advanced 
somewhat further at the time when the formation of parenchyma wood 
began, had continued the thickening of their walls. On this account, we 
find isolated tracheal elements (Fig. 149 4, tr) in the centre of the paren- 
chyma wood. 

The zone of thin-walled, porous tissue (tg) in the cross-section of the 
oak branch (Fig. 148) is, therefore, only a modified wood ring which has 
passed over into an excessive new cell formation. Since such a cell increase 
can arise only from elements which still possess their cambial nature, it 
must necessarily be concluded that the very youngest cambial zone elements, 
i. e,, the sap wood, have produced this parenchyma wood. As a matter of 
course the real anatomical cambium, together with the young bark, has par- 
ticipated in this cell increase and, in this way, produced the abundant tissue 
in which it is not possible to distinguish where the transition from wood to 
bark takes place. 

We now ask what may be the cause of the formation of this profuse 
tissue zone? The answer can only be found in the removal or weakening 
of the constricting, compressing influence, exercised by the bark girdle, as 
a whole, on the youngest tissue, i. c., the cambial region. 

This cause is indicated by the holes in the bark tissue (Fig. 148 I', at 
the right). Such tangential holes in the healthy tissue are produced by the 
upraising of the tissue lying above the hole from that lying beneath it. It 
can only be raised, however, if it has not enough room on this underlying- 
parenchyma which is caused by a greater tangential distention. Conse- 
quently, a stronger tangential strain has occurred in these outermost tissue 
layers than in the Adjacent inner layers of the bark. 



Caspary’s measurements in freezing should *be recalled here. The 
peripheral layers contract earlier and more strongly than do the central 
layers. This contraction with cold is stronger tangentially than radially 
and greater in the delicate parenchyma than in the prosenchyma wood. Con- 
sequently, with the action of frost, there must take place everywhere within 
a woody axis a preponderance of tangential strain over radial contraction 
and, under certain circumstances, this must increase to a radial splitting of 
the tissue. 

If the wood ring is thought of, first of all, as isolated, this preponder- 
ating tangential contraction in places of least resistance would necessarily 
lead to such clefts as would correspond to the gaping frost cracks in old 
trunks. Therefore, inner clefts must be produced from purely mechanical 
causes and, in fact, in the medullary rays and medullary transverse connec- 
tions. Such are actually shown in the illustration of the oak branch, injured 
by natural frost (Fig. 148). 

If we now consider the primary wood ring in its relation to the adjoin- 
ing bark girdle, we must refer again to-the fact that the hark girdle, of 
which the peripheral cells are larger tangentially than radially, contracts 
more strongly tangentially and, therefore, is strongly torn in this direction 
during the action of frost. If the frost grows less, this cracking may cease, 
indeed, but its effects remain, for the tissue which may thus be stretched, 
is not absolutely elastic and does not contract to its former volume. In 
this way each frost action leaves behind an excessive lengthening of the 
peripheral tissue layers in proportion to the adjacent layers which lie more 
toward the inside. The bark body, as a whole, therefore, is longer and 
either does not have room enough on the wood cylinder so that in places 
it is raised up from it, or it at least curves outward, i. e., it decreases its 
constricting influence on the cambiel elements of the wood cylinder. 

The cambial zone responds to this with a formation of parenchyma 
tyood, as may be seen in every wound in which the bark is raised. If the 
bark girdle closes together again into a connected layer the cambial cylinder 
of the branch, by growth in thickness, must again resist the constricting 
effect of the bark and, on this account, a.gain forms normal wood elements. 

Thus the formation of the parenchyma w'0(k 1 bands in young branches 
comes under the same law of unequal contraction which, in old trunks, 
leads to the production of gaping frost clefts. 

The Rupture of the Cuticle. 

The experiments on potted specimens of forced oaks, mentioned in the 
previous section, proved the fact, not known until then, that, on superficially 
browned, or still green leaves, i. e., those outwardly but little affected, a 
repeatedly interrupted black, very fine line is formed on the under side, 
which gives the impression of very fine particles of soot which had settled 
on it in places. With a higher magnification, it is seen that this line consists 
of small raised places in the outermost cuticular layer which, because of its 
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granular condition, retains the air, and therefore appears black. The small 
granular papillae still remained when the leaf was destroyed by sulfuric 
acid ; in which treatment the leaf curled up like a worm and the epidermis 
of the upper side puffed out in places. 

This result agrees with discoveries which had been observed earlier in 
beech trees after natural late frosts, and which we could prove also on oaks 
in the open. In the production of such scarcely perceptible rupturing of 
the cuticle, some special conditions must also have co-operated which were 
present accidentally in the experiments but do not seem to be always effec- 
tive in other experiments or in nature, for, soon after late frost, such injured 
oak leaves could be found in some localities but not in others. Probably a 
definite condition of turgor in the leaf is connected witli. it and this will be 
dependent again on the constitution of the cell contents at any given time. 

A conception of the fine differences, which are decisive in frost inju- 
ries, is obtained from the observation that dead particles of tissue, injured 
by frost, may be found at times in the centre of the mesophyll of the leaf, 
which apparently is but little, if. any injured. The fact that, in experi- 
ments, these cuticular breaks appear only on the under sides of the leaves 
may be traced perhaps to a constitution different from that of the upper 
cuticular covering, for it is found that in the action of sulfuric acid, the 
upper covering turned a bright lemon yellow, which color shade was 
scarcely perceptible in the cuticle of the under side. 

I would like to lay especial value upon the discovery that, under certain 
circumstances, a rupturing of the cuticular glaze can be produced by light 
frost. In other breaks in the cuticle (in pomes) fungus spores were found 
lying in the line of the break and it may, therefore, not be out of place to 
assume that, in these protected places, such fungus spores have the best 
opportunity to germinate and to sink their germinating tubes into the organs. 
In this way might, therefore, be explained the attacks upon apparently per- 
fectly healthy leaves and fruit by fungus infection after a light spring frost. 
Voglino’s‘ reports might be referred to here. In 1903, after some frost in 
April, he found that the fungous parasites had an especially large distribu- 
tion in plants injured by frost. 

Thus is explained also the phenomenon of the so-called rust etchings 
in connected rings and irregular surfaces on our fruit. They are cork 
formations which have set in, in the cuticular tears, as a result of the 
processes of healing, while the normal cork etchings on the fruit usually 
begin at the stomata, or rather, the lenticels. 

Protective Measures Against Frost. 

(a) Snow Covering. 

The process, universally used for protecting plants against frost, con- 
sists in surrounding them with substances which are poor conductors of 

1 Vogllno, P., L’azlone del (reddo sulle plante coltivate, speclalmente in rela- 
zione col parassltlsmo del funghl. Atti accad, dt Torino XLVI. 
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heat. Grapevines, roses, etc., are ^overed with earth or leaves, or the 
trunks are wrapped in moss, straw and the like.' All these means are good 
but in cold winters, with a moderate snowfall, one should not delay throw- 
ing the snow from the streets on to the covered plants. It is well known 
that wrapped trunks of roses, for example, often freeze ; this is explained 
by investigating the temperature under the covering material with a ther- 
mometer. It is found to deviate but little from the temperature of the outer 
air. On the other hand, if the soil under the snow covering, possibly 15 cm. 
deep, is inv^tigated, it is found to be considerably warmer. Goppert’s 
investigations^ are the best on this subject. In February, 1870, the tempera- 
ture was very low. The thermometer fell on the 4th to 12.6 degrees below 
zero, on an average, and yet in this, the temperature was only 3 degrees 
below zero under the snow covering, 10 cm. deep. The temperature of 
the air 

on Feb. 5 was 14 ,7 !i6grce.s below zero, the temperature under the snow 4.6 degrees 
below Kero, 

on Feb. 6 was 17.6 degrees below zero, the temperature under the snow, 5 degrees 
below zero, 

on Feb. 7 was 16.7 degrees below zero, the temperature under the snow, 5.5 degrees 
below zero, 

on Feb. 8 was 16.7 degrees below zero, the temperature under the snow, 6.5 degrees 
below zero, ^ ^ 

on Feb. 9 was 15 4 degrees below zero, the temperature under the snow, 6 degrees 
below zero, ^ , 

on Feb. 10 was 14.9 degrees below zero, the temperature under the snow, 6 degrees 
below zero, ^ 

on Feb. 11 was 15.8 degrees below zero, the temperature under the snow, 6 degrees 
below zero 

on Feb. 13 was 5.7’ degrees below zero, the temperature under the snow, 2 degrees 
below zero, ... ... 

on Feb. 16 was 2.8 degrees below zero, the temperature under the snow, 1.6 degrees 
below zero. 

The soil under the snow covering was frozen 36 cm. deep, but its tempera- 
ture, even on the cold 5th of February, at a depth of 5 cm., was only one 
degree below zero. 

It would scarcely be possible to find more eloquent proof of the useful- 
ness of a snow covering. This explains the possibility of polar vegetation. 
The greatest degrees of cold in the polar zone as yet observed (40 to 47 
degrees below zero) affect only the trunks of the trees which project above 
the snow, but not the roots. Perennial, herbaceous plants are just as little 
affected. These stand in a soil with a temperature under the snow cover- 
ing of only a few degrees below zero. The snow covering, to be sure, does 
not arrest freezing but does prevent loss of warmth through radiation, the 
penetration of greater degrees of cold and a rapid change in temperature. 
But, even with us, the existence of many plants is more often connected 
^ith snow covering than we think. The freezing of seed woul occur 
much more frequently when a long damp and moist autumn favors plant 
development, if the snow covering were not deposited on them, which keeps 
off radiation and the great fluctuations in temperature, so frequent m our 
latitudes. We see often enough how easily insufficiently protected, or fully 


1 Bot. Zclt. 1871, No. 4, p. 64. 
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exposed parts of plants freeze, if struck by sudden strong sunshine. The 
cell contents, suddenly struck in a condition of rigidity, the result of cold, 
are found poor in water content and drawn back from the cell wall, and do 
not have time to distend again, by absorbing water, into their normal rela- 
tion with the cell wall, and, thereby, the surrounding tissues. In this way, 
the disorganization of the cell begins. These are the processes .which occur 
with spring frost and arc especially advantageous for garden plants. 

(b) The Use of Water. 

C 

Especially herbaceous plants which are suddenly exposed to frost are 
benefited if the hard frozen parts of the plants are watered with right cold 
water and then shaded. The water on the plants freezes to an ice crust, 
thus raising slowly the temperature of the plant itself to zero, and it can 
gradually be warmed further above this temperature, after the thawing of 
the crust. 

On the same principle of gradual warming rests the plunging of frozen 
potatoes and roots into a vat full of cold water and the piling of frozen 
cabbage heads in heaps which are then covered with straw mats. 

In spring and autumn, when the air temperature does not fall to zero 
but the plants, because of their radiation of heat under a bright sky, cool 
down below zero, become covered with frost and freeze, they may be pro- 
tected by substances arresting radiation. Covers and mats are spread over 
the plants, also very thin cloths are effective here and, if no other covering 
material is at hand, a thin layer of brush is very useful ; even perpendicular 
walls have proved excellent protection against frost. They are effective, 
on the one hand, by keeping off the wind and, on the other, by decreasing 
radiation from the plants. In trees, trained against stone or wooden vvalls, 
in addition to the very considerable decrease in radiation of tbe trees on the 
side next the wall, the wall itself gradually gives up its stored heat to the 
benefit of the trees. 

A less effective, but not entirely rejectable, protection against frost is 
recommended by older authors and is practical in gardens in spring. The 
trunks of trees are wound with straw rope one end of which dips into water. 
Straw and tow ropes are suspended in all directions over beds of blooming 
spring plants some distance above the surface of the soil, their ends being 
held fast by stones in a vessel filled with water. 

To understand the favorable effect of this process, one should remem; 
ber the great latent warmth in the water. If the water in the saturated 
straw ropes freezes, heat is set free which is advantageous, since it prevents 
the penetration of the cold to the underlying parts of the plants. Thus 
plants, near larger bodies of water, freeze less easily. One measure used 
with good results for potted plants, at a timp when night frost may be 
feared, consists in a decreased watering, whereby the tissue of the plant 
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contains less water when it is exposed to the frost. A more abundant 
evaporation removes more heat from the plant and, therefore, heavily- 
watered plants will cool down more than those which are less turgid. 


(c) Effect of Wind. 


W'inds can also act favorably inasmuch as a storm begins with warmer 
weather, which hastens evaporation, thus removing the water from the 
tissues. Experimental proofs are furnished by Aderhold’s experiments' 
with artificial rain. In each of six specimens of pears, which had bejn kept . 
for several months in summer in a “rain chamber,” five examples were 
found, after a winter frost, to be completely frozen and the sixth partially 
frozen, while of the check plants, which had stood in a dry chamber, only 
2 were frozen and 4 were uninjured. 

Nevertheless, no general rules can be formed in regard to the action of 
wind. Each locality has its own special requirements. If, for example, 
the statement is made that winds act favorably, this refers only to those 
cases where no such permanent effect of the wind is concerned, as is seen 
on sandy coasts. There the action of the roots is the determinating factor. 
Even if they do not freeze, they still cannot take up any more water, while 
the aerial portions still transpire strongly. Plants can directly dry up under 
such conditions. The discoveries of Hdfker-Dortmund" are noteworthy 
in this connection. He protected the aerial portions less, but covered the 
soil, which in autumn had been loosened up about his plants, with manure 
or damp peat mould and watered the evergreen bushes on sunny frosty 
days. Because of the covering, the frost could not penetrate very far and 
the roots could constantly supply water to the aerial portions. In decorative 
planting, where the finer varieties of conifers are abundantly used, it seenas 
advantageous, in very windy regions, to use the bluegreen forms instead of 
the pure green ones. Some growers maintain, in fact, that the former are 
more resistant. 

Care should further be taken that the base of trees or plants, which 
throughout the year have possibly been protected by a moss growth, •piles 
of leaves, forest litter and the like, are not exposed in the autumn in clear- 
ing up, etc. It has been found, in fact, that portions of plants matured 
under the protection of soil or leaves, contain a sap which freezes more 
easily than that of portions constantly exposed to the air. Sutherst’ has 
proved this for celery, carrots, and the hearts of cabbage heads. Besides 
this, even if the constitution of the cell sap is not a determinating factor, 
at least the transportation of water is decreased in the roots and trunk 


1 Aderhold, R., Verauche fiber don Binfluas hauf^en Regena aut die Nelgung 
zur Erkrankung von Kulturpflanzen. Arb. aus dec Kais. Biol. Anat. f. Land- u. 

Porstwlrtsohaft Vol. V, Part 6, 1907. < naot „ Parian 

Z HBfker, Windschutz und Wlnterschutz. Prakt. Ratgeber 1. Obst- u. Garte 

Sutherst; W. F., Der G*efrlerp«nlrt von Pflanzensaften. Biodermanne Cen- 
tralbl. 1902, p. 401. 
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which have been robbed of their protective surroundings ; they thereby cool 
more quickly, thus. increasing the danger of drying'. 

The importance of leaving the dead litter of the plants (leaves, bunches 
of grass, flower stalks of the past year and the like) on seed beds and 
bushes until late spring is not sufficiently appreciated. Not only is their 
effect or a protection against frost concerned here, but also as a protection 
against the drying spring winds. Almost every year we make the discovery 
that plants have come well through a severe winter and evergreens have 
retained their leaves, but if windy, dry weather sets in a few days after the 
snow has melted, the leaves, which had remained juicy, dry up. It is 
possible that, with this rapid drying of the tissues, a similar change may 
take place in the protein of the protoplasma; Gbrke' proved this recently 
to be due to frost action.' The result in many plants is a complete case of 
leaf casting disease, which is absent where protection has been afforded by 
the litter of the previous year. Often our most common perennial blos- 
soming bushes, grain seeds, tree seeds, etc., ‘are not destroyed until dried 
in the spring. 

d. Smudge.. 

All these preventative methods may not be used universally in agricul- 
ture, but the use of smudges which Mayer* has rescued from oblivion, may 
deserve still more consideration from the agriculturalist. It was previ- 
ously repeatedly recommended by Gbppert' and Meyen' and supported by 
experiments. Fires which develop a good deal of smoke are ignited on 
the pieces of ground where injury from frost is feared. This process, 
which, according to Boussingault, had been largely used by the old Incas 
in upper Peru and is said to have repeatedly found extensive use among 
the older peoples, is now used again as a protection in vineyards. Accord- 
ing to Gdppert, Olivier de Serres in 1639 and later Peter Hogstrbm in 
1757 endeavored to determine experimentally the effectiveness of the pro- 
cess. In Wiirtemburg as early as in 1796 and in Wurzburg in 1803, regu- 
lations existed, according to which in the autumn, when danger from frost 
occurred, growers were obliged to light smudges for the vineyards. In 
Grunjterg, Silicia, this method was used for a long time, but it was given up 


1 Kosaroff, P,, Einfluss verschiedener ausserer I^aktoren auf die Wasserauf- 
nabme der Pflanzen; cit. Just’s JahresbericM 1897, I. p. 75. 

2 Gorke, H., tfber c^emisch© Vorg^n&e beim Erfrieren der Pflanzen. I^nd- 
wirtschaftliche Versuchsstationen LVX, 1906, p. 149; cit. Bot. Centralbl. 1907. 
Vol. 104, p. 358. The author explains the cause of death from cold as follows: 
The sap gradually becomes such a concentrated solution, due to the elimination of 
water from the cell, in the formi of ice, that a precipitation of the soluble protein 
bodies talces place. He bases his theory on ^periments with juices extracted 
from healthy and frozen plant parts-i Fresh vegetable sap contained considerablv 
more water soluble protein than that which had been frozen. The degree of cold 
at which a precipitation of the proteins takes place in extracted sap varies g;reatly 
in the different plant species. In summer barley and rye it fluctuates between 7 to 
9 degrees below zero. In winter barley and rye, between 10 to 15 degrees below 
zero; In the needles of Picea exoelsa it reaches 40 degrees below zero. Reactionary 
changes can also cooperate in freezing. The phosphoric acid, for example, as an 
aid, Is weaker at higher tempeiatures, and is stronger when cooled down. 

a Lehrbuch der Agrikulturcbemie 1871, I, p. 382« * 

* Warmeentwlcklung 1830, p. 230. 
e Pflanzenpathologie 1841, p, 823. 



from a lack of general co-operation, despite the ftct that, for twenty years, 
it had been used with good success by one proprietor. General co-operation 
in any region is necessary, for otherwise a single proprietor frequently does 
a service to his neighbor upon whose fields the wind drives the smoke, 
without obtaining any service in return. Special regulations for the use of 
smudges are not necessary. Any clear night, toward morning but before 
sunrise, the fires are lighted and fed with damp litter, moss, straw, etc., in 
which care is taken that the thickest possible smoke is carried over the fields. 

Naturally the warmth produced by the fire is not effective here; it 
cannot be felt even a short distance away from the centre of the flame, but 
the smoke, like the straw mats spread by gardeners over the plants,* or like 
clouds, is beneficial since it prevents too great cooling from radiation. We 
know from Tyndal’s discoveries that a number of substances, like carbonic 
oxid gas, carbonic acid, marsh gas, ammonia, hydrogen sulfid and volatil 
oils, in the finest possible distribution in the air, reduced to a very small 
amount its capacity for lettipg through rays of warmth. Water vapor^ 
has a like effect. Tyndal determined that this took up an amount of heat 
fifteen times greater than that taken up by the whole (impure) air in which 
it was distributed. The process is, therefore, as follows During the day, 
the sun sends its heat to us in radiant and dark rays, part of which the soil 
reflects, but absorbs the greater part, which it retains until the air becomes 
cooler than the soil. When this condition appears an equilibrium of heat 
tends to set in, since the earth now gives up its heat to the cool air in the 
form of dark rays. If, however, the lower layers of the air are strongly 
laden with one of the above-mentioned gases, or vvitli water vapor, the vapor 
itself takes up the warmth radiating from the soil, instead of conducting it 
into the upper regions of the air. Tyndal shows how great the amount of 
heat is, which is taken up by the lower layers of air. “If we consider the 
earth as a source of heat, at least to per cent, of the heat given off by it is 
held within ten feet of the upper surface." By this absorption lof the dark 
rays of heat the lower layers of the air, rich in water, form a protective 
mantel about the earth which, as a result, does not cool down so far as it 
otherwise would. The smoke produced by the fire is, therefore, an artificial 
covering, full of water vapor, which, in combination with the still partially 
unknown products of distillation, decreases the permeability of the atmos- 
phere for the dark rays given out by the surface of the field. 

We omit a special enumeration of the commercial smoke candles and 
bricks recently made for the purpose of producing smoke at the time of 
frost, since new ones will always appear with the advance in technic , refer- 
ence to the existence of such articles is sufficient. It need only be mentioned 
that, recently, in smoking vineyards, the smudging material was carried 
about in carts’= in order to overcome the blowing of the column of smoke 
by suddenly changing winds. The use of smoke carts is said to be the most 
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1 Tyndal, Die warmo betrachtet a 

von Jtebbholtz und Wiedemann 1867. mrtBTihnn isos t> 128 

e Burger, Raucherkarren. Prakt. Ratg. im Obst- u. Gartenbau 1906, p. 128. 
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extensive in the tov^n of tolmar, where a smoke department has developed 
and has been well organized ever sincfe 1884. Colmar lies on a plain and 
the danger from frost is greater on plains than in higher regions, as was 
shown, for example, in 1903 in frosts in Florence. Here Passerini^ found 
fruit trees and asparagus greatly injured at an elevation of 40 m. above 
sea level, but perfectly healthy 100 m. higher. In Colmar iron carts were 
used, which contained possibly 16 litres of fluid tar. After the tar had 
been ignited they were drawn back and forth over one field and then taken 
to the next place (possibly 150 m. distant). When the temperature fell to 
I degree above zero, the smoke department was notified and, at a tempera- 
ture 0^ zero degrees, the signal for lighting was given by means of gunshots. 
As a rule, this began in the night between two and three o’clock. The very 
heavy expense to which the administration was put, because of the smoke 
department, was paid by a tax on the harvested grapes. 

We have cited this special case because we believe that only such an 
organization can have such sweeping results* 

Frost Prediction. 

On account of the expensiveness of producing smudges for the protec- 
tion of plants, threatened by late frosts, it is naturally of the greatest im- 
portance to be able to judge in advance approximately whether night frost 
will occur. 

On this account, it is advisable to make use of the frost curve con- 
structed by Lang (Munich) (Cf. Fig. 150). This is based on psycho- 
metric observations. If, in spring, the temperature falls in the afternoon 
and the sky becomes clear, with a cessation of wind, the probability of night 
frost increases. For the use of the figure, two exactly corresponding 
thermometers are necessary. The mercury bulb of one is so wrapped in 
gauze that the under end of the gauze dips into water, thus keeping the 
cover of the ball moist. This thermometer, because of the constant evap- 
oration of water, will stand lower than the one beside it showing the 
ordinary air temperature. From the difference between these temperatures 
the relative humidity and the position of the dew-point can be reckoned, 
i. e., the temperature at which the water, contained in the air as dew, mist, 
or rain, will be precipitated. In order, however, that these precipitations 
of water vapor may become effective as a protective mantel against frost 
danger produced by radiation, the formation of dew and mist must takd 
place at a temperature above zero; therefore, the point of condensation 
must lie above zero. If this is not the case, and the air is dry, a night frost 
may be expected. 

The mechanical manipulation will, therefore, be as follows : the height 
of the dry thermometer is read first of all, then the difference between this 
and the one with the moist mercury bulb is reckoned. The height of the 

, 1 Passerini. N., Sul danni prodotU alle piante dal ghiacciato del giornl*19-20 
April, 1903. Bull. soc. botan. Ital. 1903, p. 308. 
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dry thermometer is found on the horizontal line ind the amount of differ- 
ence on the perpendicular scale. If the two lines, starting from these 
points in the scale, intersect at the right of the curved line which represents 
the nocturnal frost curve, i. e., intersect among the dotted lines of the scale ; 
then no night frost is to be feared. If, however, the point of intersection 
appears at the left of the hypothenuse of the triangle, i. e,. outside the 
dotted lines, night frost may be expected with certainty, in case the weather 
does not change suddenly and warm air currents do not cause the formation 
of mist or clouds. If, for example, in the afternoon, we find 8 degrees C. 
on the dry instrument and 4 degrees C. on the moist thermometer, this 
gives a difference ^of 4 degrees. The point of intersection of the ^erpen- 
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Height of the dty Thermometer 

Fig. 160. Curve for finding night frosls; according to Dr. Lang, Munich. 

dicular temperature line 8 with the horizontal line of a difference of 4 
would be outside the dotted lines, i. e., at the left of the nocturnal frost 
line ; therefore a night frost would be probable. 

Hardy' Fruit Varieties. 

The more we recognize how manifold are the often outwardly imper- 
ceptible changes due to frost, which becomes apparent only in their after 
effects, the more important becomes the search for varieties of fruit 
resistant to frost. If, however, we compare the experiences of fruit grow- 
ers, it becomes evident that the climatic conditions of different regions may 
modify the character of the variety in such a way that a variety recom- 
menced in one place as hardy is susceptible to frost in another, because of 
earlier development or lesser maturation of the branches. On this accotint. 
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we will name some variefies recommended as hardy for different localities, 
some with a continental climate, others influenced by the sea. In this list 
the injury to the blossom from May frosts is decisive, the condition of the 
wood less important, because injuries to it come under consideration usually 
only in less frequent, heavy winter frosts, while blossoms are exposed every 
year to the danger of freezing. 

The difference between northeastern and northwestern Germany must 
be taken into consideration for German plants. In the eastern provinces 
the influence of Russia is felt, especially in Posen and upper Silesia, because 
of the invading periods of late frost. Nevertheless, we can record experi- 
ences Which show that certain varieties of the more sensitive pears furnish 
good table fruit even in Posen. Radowski^ lists from winter pears which 
have stood the test in unfavorable years: Mechein, Rihas Seedless, 
Madame Verte, Winter Nelis, New Fulvie, Winter William and Dechant 
of Alenqon. 

In upper Silesia the following have stood the test” : Amanli’s Butter 
pear, William’s Christ pear. Bonne Louise d’Avranches, Red Bergamot, 
English Summer Butter pear. New Poiteau, Pastor pear and Diel’s Butter 
pear. 

Of the varieties of apple which have grown well in the district Rybnik, 
the following are preferred: Red Astrachan, Oldenburg, Kaiser Alex- 
ander, White Clear apple, Danziger, Hawthomden, Winter Gold Pearmin, 
Landsberg, Baumann, London Pippin and Kasseler. 

The English varieties from the region around Kosel have been espe- 
cially warmly recommended: Lord Derby, The Queen, Lord Grosvenor, 
Lane’s Prince Albert, as well as Cellini, Hawthomden and Bismarck. The 
following are suitable for exposed positions and sandy soil: Brunswick 
Milk apple. Red Astrachan, and Oldenburg, According to Mathieu the 
following are especially suitable for the climatic conditions of central Ger- 
many: White Astrachan, Oldenburg, Red Eiser apple, Kaiser Alexander, 
Red Cardinal and, for second choice, Red Astrachan, Prinz (Downing), 
Baumann and Boiken. Of pears, the following have stood the test: 
Winter-Apothecary, Barons B., Dotted Summer Thorn, Green Magdalene, 
Small Long Summer Muscatel, Roman Butter pear. Spar pear. Good 
Gray and Archduke pear’. Although the danger fronr frost is especially 
grejt for pears, yet a May frost at the time of blossoming does not always 
destroy the crop. Experience shows that good crops are often obtained 
despite this, because generally only the opened blossoms suffer and those, 
developing later, produce so much the finer fruit. Besides frost, a continu- 
ous rain, at the time of the blossoming fruit trees, is especially to be 
dreaded. , 


1 Radowski-Schrimm, Winterbimen fiir den Osten DeutscHlands. Prakt. Ratg. 
I. Obst- u. Gartenb. 17 Dez. 1905. 

2 Langer, G. A., Die Bedeutung der Obstsortenwahl, fiir die ortlichen .und 
klimatischen Verhaitnisse. Deutsche Gartnerz, 1906. No. 38. 

8 Jahresbericht d. Souderausschusses fiir Pflanzenschutz. 1900 Arb. d. D. Landw. 
Geft, Part 60, p. 247. 
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For the German climate, the following variAies of plums have, on an 
average, best stood the test: Queen Victoria, Yellow Mirabelle (of Metz), 
Double Mirabelle of Nancy, the German prune and the green Reine Claude, 

Of cherries, the following varieties survive the frosty days of spring 
in spite of their early blossoming ; the common sour cherry, Ostheime^ 
Weichsel, Double Glass cherry, large, long Loth cherry, and the Red Mass 
cherry. 

For a more moist climate, the varieties might first come under consid- 
eration which would stand the test in Schleswig-Holstein. As such should 
be named the Peach Red Summer apple, Dcgener apple, Bath Beauty, Red 
June apple. Summer Spice apple. White Summer Kalvill, William’s Favor- 
ite, the White Clear apple, originating from the Baltic provinces of Russia, 
and the English varieties, Mr. Gladstone and Irish Peach (Summer Peach 
apple) 

The majority of the above-named varieties are early apples and we 
think that the cultivation of early varieties must be recommended for the 
conditions in northern Germany. To be sure, they usually do not give first 
class fruit, but, with their shorter period of growth, they have the advan- 
tage of maturing earlier, the growth of their branches thus passing over 
into winter with riper wood which, therefore, is harder. In planting new 
fruit orchards, the varieties should be considered first which have already 
stood the test in a similar climate and under similar soil conditions. It 
should not be forgotten, for example, that varieties, suitable for dry climate, 
usually develop poorly in places by the sea, and conversely. 

In regard to soil conditions, reference should be made to the fact that 
varieties, which grow well on light or on heavy soils, would most advan- 
tageously be chosen from nurseries which have the same physical soil 
constitution as is found in the place where the trees are to stand perma- 
nently. A great difference between the place of early growth and the 
permanent location in which the tree is planted, easily causes an arrestment 
in growth until the specimen has accustomed itself to the new soil condi- 
tions. The conditions are the most difficult in marshy soils, even when 
these have been improved by mixing with lime and the addition of ashes, or 
kainit and Thomas slag. StolP recommends, of the stone fruits, the com- 
mon sour cherry and (with good liming) the house plum. The following 
apples do well. Boskoop’s Beauty, Golden Noble apple. Double Pigeon, 
White Winter Dove apple, Boiken apple, Orleans Reinette, Gray Holland 
Reinette, Parker’s Pippin and Purple-red Cousinot. The Gravenstein, 
Prinz and the Golden Pearmain grow well but are inclined greatly to canker. 

Only the following pear varieties should be named : the Yat, Chameu 
Delicious and Great Katzenkopf. Of the small fruits, gooseberry and cur- 

•W 

rants are planted on moor lands. 

1 Sorauer, Schutz der Obstbaumc gegen Kraakheiten. Stuttgart, Eugen Ulmer, 

*2 Stoll, Obstbau auf Moorboden. Proskauer Obstbauzeitung 1906, p. 182. 
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Snow Psessuke, Ice Coating and Icicles 

Just as certfun regions are especially often visited by hailstorms, 
definite zones exist (if from other causes), especially in the mountains, in 
which injuries occur almost every year due to pressure from the snow. 
*Besides these zones, some places in all regions with an abundant snowfall 
must be considered as especially endangered. These are depressions in 
the soil into which the snow can be blown from above or from the sides. 
Equal amounts of snowfall act differently according to the weather. If it 
is very cold and windy, enough snow rarely collects on the branches to 
cause injury ; the crystals are too fine and cold to stick to one another. If, 
on the other hand, the weather is warm and quiet, the snow falls in great 
flakes and balls easily, large masses cling in the crowns of the trees and 
bend or break the branches. 

If the trees stand on declivities, many injuries are noticed on the slope 
oppo.site the windy side ; whole strips of trees can be overthrown. This 
occurs as a simple result of snow pre.ssure, especially with mild winter 
weather and soft, open soil, while, with greater cold, the more brittle trunks 
will be broken (snow breakage). Transplanted trees, with shallow root 
systems, are overturned more easily than specimens well anchored by tap 
roots. Evergreen trees are especially inclined to break and of them the 
pines seem most brittle. The tougher varieties, like firs and spruces, bend 
more under the burden and later right themselves. Deciduous trees are 
less injured if the snow masses come after the leaves have fallen. Oaks 
and beeches, which often retain their foliage throughout the whole winter, 
are more endangered than other trees, provided that a previous moist and 
cool summer has not prevented the latter from passing into their dormant 
period and dropping their foliage. Here too the brittleness of the variety 
is decisive for the kind of injury. The trunks and branches of older 
acacias almost always break. In birches and alders, also, breaking may be 
found oftener than bending. Bernhardt^ also calls attention to the fact 
that the resistance of the tree variety changes according to whether its 
habitat is suited to its requirement or not. For our fruit trees, the shape 
of the crown also enters greatly into consideration; especially in apples, 
for with their flat, outspread branches, a true splitting of the crowns is often 
found. If the tree’s natural habit of growth does not form a pyramidal 
crown, it is advisable to cultivate artificially the development of a strong 
middle branch. 

■ With avalanches, occurring frequently in high mountains, the whole 
effect changes according to the variety of the trees and the age of the trunk. 
If the standing forest is old, the trees are broken at different heights and 
thrown together in wild and irregular disorder. Where the trees are of 
different ages, the young trees are only partially pressed downward and, 
for a time, buried in the snow. After the snow melts, these trees right 

r WaiabeschMlgungen durch Wind-, Schnee-, EHb- und Duttbruch. CentraJbl. 
f. d. gesamte Forstweaen 1878, p. 29. 
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themselves, or lean somewhat down hill, and slowly continue growth. 
Usually grov^ing branches are found only on the side toward the valley, 
since the rolling snow masses have broken oif those of the opposite side. 
In deciduous forests, deformed bushes develop, because of the tearing out 
of the roots or trunks , they look as if produced by the grazing of wild 
animals. 

The influence of the snow' covering, and of the accompanying frosts on 
seeds has been mentioned already in an earlier chapter. In regard to 
changes in temperature in the soil, reference should be made to Wild and 
Wollnyh The ice-watcr, produced by the melting of the snow, caii not be 
without effect, as soon as it reaches green meadows and seeded fields. 
Kuster", for example, has shown that, as a result-of cooling with ice-water 
in the chlorophyll grains of Funaria leaves, a vacuole formation is started 
which results in the green pigment’s.lying at the edge of the vacuoles in the 
form of crescents. 

Ice coating and icicles. The injuries from ice formed on trees are 
more rare. A quickly melting coating of smooth ice is usually considered 
non-injurious. Nevertheless, in general many growers ascribe the produc- 
tion of blasted specks to the deposition of ice on smooth barked branches 
and trunks. If, with Nouel, the production of smooth ice is considered 
as the solidifying of the rain drops due to the impact of striking the tree, the 
drops having already been cooled below zero degrees, it can be assumed 
that the cold of the ice acts injuriously. From the experiences collected 
from artificial frost experiments, I am of the opinion that the smooth ice 
covering can act injuriously, because of changes in tension in the ice-covered 
tissue. It may be proved, in very light spring frosts, that clefts arise in 
the bark tissue of herbaceous shoots without any extensive browning of 
the cell; therefore, without the chemical action of the frost having made 
itself felt. Such injuries to the tissues are also possible from smooth ice, 
if it remains for some time on the plant and especially if it outlasts the 
fluctuations in temperature frequently occurring with the formation of 
smooth ice. 

It is possible to distinguish from the usual formation of smooth ice, 
the ice and mist coverings which might be compared with snow pressure 
because they depend upon different processes of formation. As character- 
istic of the phenomenon, we will consider a description by Breitenlohner®, 
who made extensive observations. On January 27, 1879, precipitation 
began in the middle of the day, in a forest near Vienna with a complete 
cessation of wind and with misty weather, under an increasing air pressure 
and low temperature. This precipitation was half way between a drizzle 
and mist and soon hardened to smooth ice. A one-sided ice covering 3 to 

1 Bot. Jahresber. 1898, I, p. 584-85. „ „ , 

2 Kflster, E., Beitrttge zur Physiologie u. Pathologie aer Pflanzrazetle. L. r. 

allgem. Physiologie 1904, Vol. 4. . .j „ j 

» Breltenlohner, Der Els- und Duftanhang im Wiener Walde. Forsch. auf d. 
Qebiete d. A^kulturphysik 1879, p. 497. 
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5 mm. thick was produced on the trees, the temperature of which in all 
parts lay under zero. The period of the still frost lasted S to 6 days in 
this Viennese forest; the ice covering remained 9 days and increased until 
the thinnest branches grew to the size of a ship’s rope; the beech trunks 
broke, while the young copse wood was bent to the ground. Since only the 
surface of the soil was frozen, the trees were also overthrown. The 
needles of the conifers especially favored the formation of ice and firs 
became ice pyramids, since the icicles, often 20 cm. long on the upper 
branches, were frozen to the lower branches. 

It^ low positions, the covering was actually transparent, smooth ice ; on 
the heights, however, the chief part consisted of a mixture of ice and mist. 
In the same way, the size of the ice particles decreased gradually from the 
edge of the forest toward the centre, where the covering was neither ice 
nor mist but had a firm, ray-like consistency, until finally, deep in the forest, 
it appeared as a typical mist covering, which became thinner and thinner 
the deeper one penetrated into the forest. In order to form a conception 
of the amount of ice thus produced, which also occurred simultaneously in 
Germany and France, the weight of the ice, hanging on a single branch, 
was determined with the following results: for the one part weight in a 
leafless cherry branch, the ice was 36.7 parts; in the Zcrr oak, 44,1 ; in the 
red beech, 85.3; in the fir, 31.1; in the spruce, 51.3; in the pine, 99.0 parts. 

Breitenlohner, in explaining the phenomenon, calls attention to the 
fact that the observations of meteorological stations, at the time of the ice 
covering, showed the action of a south wind; therefore, a moist, warm 
equatorial current above a cold polar stream filled the valleys. The contact 
of the equatorial with the polar air waves led to the unusual form of precipi- 
tation. This remained fluid because the lower, cold stream of air was not 
very thick vertically, so that the precipitation, coming from a warm current, 
had to pass only a short way through cold air. 

Where the cold layer of air had a greater vertical thickness, the pre- 
cipitation took on a solid form and covered the vegetation as hoar frost. 

The precipitation, formed after the contact of two layers of air, which 
differ in temperature and moisture, can retain its consistency as fluid water 
even below zero degrees, since moist winds are splendid heat producers and 
carry an amount of latent warmth in water vapor which is freed during the 
continued condensation. Only when the cooling agent exceeds a certain 
amount is the mist changed into frost vapor and then the moisture elim- 
ination consists of ice needles. The peripheral trees, exposed to the free 
currents of air, catch and hold the mist, while, in the interior, the choked 
air causes the formation of the typical mist covering. 

This, therefore, would be analogous to hoar frost, occurring with late 
or early frosts, and, therefore, cannot be considered to be frozen dew. 
Dew is condensed water vapor, which is precipitated in drops on the parts 
of the plant cooled down below the condensation point of the air by radia- 
tion. These drops unite. Water vapor is usually abundantly present in 
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the air and, as Stockbrid^e^ proves, can arise as vapor during the summer 
months from the soil which in the night is warmer than the air. If there 
is a strong dew covering, it can be considered rather as a means of protec- 
tion against the freezing of the plants. If this dew freezes, a crystalline 
coating is produced which is identical with the ice covering. Hoar frost, 
on the other hand, is produced when the point of condensation of the air 
lies below zero degrees. This degree of temperature is reached through 
radiation and evaporation from the plant; therefore, the mist molecules 
attach themselves to one another in a firm crystalline form {soil or summer 
hoar frost). The covering of frozen mist, or winter hoar frost, is pro- 
duced by the flowing of the equatorial current into the slowly displaced 
polar current; the change is dangerous because, with longer duration, so 
thick a covering of frozen mist can be produced that the strongest trees 
break under its load. 

In nurseries, the prompt and careful beating of the branches with 
sticks will prevent such an injurious accumulation of ice. This naturally 
cannot be carried out in forests. 

In summer frosts, the cultural conditions are often of decisive signifi- 
cance. It should be taken into consideration, in tilled soil, that the plant 
body cools down more rapidly than does the soil which, in the night, acts as 
an equalizing source of heat and prevents, more or less, the formation of 
hoar frost. This effect will be the greater, the larger the water content of 
the soil which thus retards the cooling down. On damp fields the dew,, 
which moderates the cooling of the leaves, is formed earlier and more 
abundantly than on dry soils. On the other hand, cultural regulations 
which prevent the rising of heat from the drier soil layers, such as the 
loosening of the soil, or a strawy manure, favor frost". 

1 Journal ot science, VoL I, p. 471; cit. Naturforscher 1879, No. 32. 

2 Petit, M., Einiluaa einlger Kulturverfahren aul die Ulldung von Reif, Annal. 
asron. 1902, No. 7, olt, Centralbl. f. Agrlkutturchcmic 1903, p, 557. 



CHAPTER XII. 


EXCESS OF HEAT. 


Death from Heat. 

•< 

Supported by numerous psychological works’, we have arrived at the 
conclusion that, in judging injuries produced by excess of heat, the same 
points of view make themselves felt as in judging those due to lack of 
heat. In our cultivated plants we are confronted by constantly changing 
organizations. Not only has each species its special requirements as to the 
amount of heat which it can endure, but, even within a wide range of heat, 
the different individuals, in each species, and indeed their different develop- 
mental stages, behave quite differently. The individual’ susceptibility to a 
degree of heat, exceeding the optimum amount, varies according to the 
habitat, the supply of water and nutritive substances and the action of the 
other vegetative factors so that definite figures as to admissable temperature 
values can only have a limited validity. 

We see, from this, that, in our plantations, the plants can accustom 
themselves to higher amounts of heat up to a certain degree. Their struc- 
ture becomes different, their development more rapid, but their life pro- 
cesses, as a whole, still take place within the latitude of health. In regard 
to the different susceptibility of the different organs, according to their 
momentary developmental stage, we favor the theory that the part of the 
plant is the more resistant to an excess of heat, the richer the tissues are 
in cyptoplasm and the relatively poorer in water. Death from heat, like 
death from frost, is produced by the irreparable destruction of the mole- 
cular structure of the cytoplasmic body. We do not know in what way 
this takes place, nor how far a coagulation of certain protein bodies co-oper- 
ates in it. The more porous the cytoplasmic body is within its specific 
composition, due to the in-layering of abundant wfater, the more easily such 
a destruction takes place. On this account we find that organs, rich in 
water, ^ie more quickly from excess of heat. Death from heat is often 
preceded by a "heat rigor," from which the plants can recover, when the 
super-maximal temperature abates, and can begin their growth again. The 

1 Pfeffer, W., Pflanzenphyslologie, 2d ed,, Yol. 11, Leipzig 1904. 
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longer the plant is left in a condition of rigor, the more slowly can it take 
up its activity again'. We will become acquainted with other main points 
on the subject of difference in susceptibility in the following actual occur- 
rences. 

Poor Development of Our Vegf.t.\bles in tile Tropics. 

When cultivated plants from the temperate zones are carried to tropical 
regions very great disturbances become noticeable at times in the ontogeny 
of the plants, which severely impair the cultural aim. This lies in the unde- 
sired abbreviation of the different phases of growth, especially in the 
shortening of the period of leaf development, and of the production of 
reserve substances w^hich are used up too early for the development of the 
reproductive apparatus. This is especially marked in the case of plants in 
which the period of growth has been prolonged by continued cultivation in 
soil abounding in nutritive substances, i. e., rich in nitrogen, and the leaf 
apparatus has been developed luxuriantly (varieties of cabbage, lettuce, 
etc.). We find cases of this nature reported in older works. Thus, for 
example, Dutlrie cites such a case from Saharanpuri. His experiments in 
India on plant structures show, with a few exceptions, a too rapid ri)>ening 
of the seeds of European plants. While the beet {Beta vulgaris var. rapa) 
takes i8 months in England to complete its development, it needs in India 
only 8 months. In the cultivated forms of German asters, the effect of a 
change of climate manifests itself in the non-ripening of the seed. The 
blossoms of Brachycome and Petunia change and all become white. The 
process seems to me to represent the opposite of the process of the redden- 
ing of plant parts in spring, due to a lack of heat. 

Similar phenomena have been reported from tropical America. Leh- 
man’ found in Western Colombia that cabbage, lettuce, onions and carrots 
did not develop sufficiently for cultural purposes. While seeds, imported 
from Europe, furnish in the first year, in corresponding localities, excellent, 
tender vegetables with a desired amount of development, seeds from these 
individuals give plants which, in cabbage and lettuce, show only traces of 
head formation while the onions grow out into stalks a finger thick without 
any tenderness, or flavor. The plants here have no dormant period. 

In the level equatorial regions this phenomenon occurs sooner and 
Inore noticeably than in the higher, mountainous regions and between the 
loth to 15th parallels of latitude. 

Postponement of the Usual Seed Time in Our Latitudes. 

We must here consider the phenomenon, not infrequently observed, 

. that vegetables, sown too late in the year, come into the hot, dry season too 

1 mibrlg, H., tJber Sen Kinfluss supramaximaler Temperatur auf das Wachatum 
der Pflanzen. Inauguraldissertation. Ijeipzigi 1900; cit. Just, Bot. Jahresber, 1901, 
II, p. 203. 

2 Gardener's Chronicle 1881, I, p. 627. , 

3 I^hmann, tfber eine physiologische Enscheinungr bei der Gemusekultur Im 
troplschen Amerika. Deutsche Gartnerzeitung 1883, p. 260. 
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soon, while still developing their vegetative organs. The leaf-body becomes 
hard and the tuber-like swellings soon become woody. Annual seed-bear- 
ing plants (grains and summer blossoms) ripen prematurely. Peas, sown 
too late, succumb very early to rust (Uromyces). Kraus’ has already 
advanced the theory that the turgidity of the tis.sue decreases with too high 
temperatures. 

Haberlandt, in his experimental plants, has found a splendid example 
of the influence of drought in fungous attacks on plants. Of three pot.s 
sown with wheat and left standing side by side during the whole period of 
growth, the one where the plants were watered only enough to keep up 
life, were so attacked by mildew (Erysiphe graminis) that the greater part, 
at any rate, of the blame for the whole failure of the harvest must be 
ascribed to the fungus. The pot, standing nearby and abundantly watered, 
was almost entirely shunned by the parasite’. Still more decisive is the case 
which I observed with Podosphaera leucotricha Salm. Half of a number 
of young apple trees in pots stood in a conservatory, the other half out of 
doors back of this conservatory. All the specimens had retained through- 
out the winter the oidia form from the previous year. The trees in the 
conservatory exposed, without any protection, to the summer heat were 
twisted out of the shape from the extensive spread of the mildew, which 
developed to the perithecial fruiting stage. Those standing back of the 
conservatories, in half shade and in moving air, lost the mildew. Hell- 
riegel’s’ experiments prove how much the production of plants suffers from 
a wrong time of sowing, even without the action of parasitic enemies. 
Barley sown in April, May, June, August and September in pots with the 
same mixture of nutritive substances and soil moisture, under otherwdse 
entirely similar conditions, behaved absolutely differently. That sown in 
April developed very regularly grown, excellent plants, bearing ripe seeds 
at the end of 88 days. The seed sown at the end of May grew into plants 
which, at first, also developed very vigorously, but as a long period of heat 
occurred toward the middle of July, at the time the heads push out from 
the upper leaf sheath the stalk was retarded in its growth in length. Up to 
the premature death of the plants (after 77 days) the kernels had matured 
only Incompletely and remained flat; they, therefore, had become ripe pre- 
maturely. The latter sowings showed an increasing lengthening of tb^ 
period of growth (the September seed, for example, required 240 days) and 
resulted in quite incompletely ripened grain. 

In regard to forest plantations, experience also shows that the losses 
from transplanting of young forest trees vary according to the time -it takes 
place. Experiments in Mariabrunn’ gave the smallest loss in spring trans- 
planting. For spruce trees the number of dying examples of an April to 
June planting increases only to decrease again in autumn transplanting 

1 Molckularkonstitution des Protoplasms. Flora 1877, p. 534. 

2 Bledermann's Centralbl. 1875, n, p, 402, 

s Grundlagen des Ackerbaues 1883, p, 852, 

4 Deutsche Forstaeitung November IS, 1892, 
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(September and October). Tlic same behavior was shown in the case of 
the pine, which gave a .still more significant percentage of loss. In decidu- 
ous trees, as is well known, autumn transplantation is preferred. 

Sunburn of Leavf,s in Nature. 

The death of the tissue, resulting from the action of the sun, is here 
meant. In such cases, however, light and warmth act together. We do 
not know how much must be ascribed to each factor in such phenomena of 
death. The opinion of noted foresters, that all the light in the plant cell 
passes over into the'dynamic force of heat and becomes effective .in this 
form, is not very probable. My evaporation experiments with a decrease 
of light, and a simultaneous increase in temperature, indicate rather that 
at least a part of the light, as such, becomes effective, and influences the 
process of assimilation. A part without doubt is converted into heat and 
acts in that way. Upon this hypothesis, it is also probable that a plant 
would behave differently with the same amount of heat, according to 
whether it is subjected to this in a dark, or in a lighted place. 

In general, temperatures between 40 to 50 degrees C. are fatal; yet 
.Askenasy^ has observed, with Crassulae, that they can endure uninjured 
such amounts of heat. Askenasy was convinced in midsummer that the 
inner parts of Sempervivum, at an atmospheric temperature of 31 degrees C. 
in the shade, had undergone a heating up to 48 to 51 degrees C. The 
warmth within the plants seemed higher in some varieties, lower in others, 
than on their outer surfaces. The temperature of the outer surface of the 
leaf. In different days, did not stand in any direct relation to the atmospheric 
temperature. Sempervivum arenarium showed, for example, 

at 31.0 degrees C. on the I5lh of July, at 3:00 P, M., 48.7 degrees C. 

"28.2 “ “ “ “ i6th “ “ " 3:ooP. M„46.o “ 

“28.1 “ ’ “ “ “ i8th “ “ “ 12:30 P. M., 49.0 " “ 

Thin-leaved plants, standing nearby, had a much lower temperature, 

The phenomena of sunburn are observed most frequently in hot-house 
plants which, in spring, are set out of doors. The leaf is not always killed 
but often only reddened or browned. In curled leaves only the convexity, 
on the upper side, becomes colored and, instead of being green, is reddened 
to a copper color (roses). In the course of a few weeks such a plant can 
recover even when left in this place. 

I tested experimentally a similar case in spotted specimens of Canna 
indicu, the greatest number of which in cloudy weather were taken from 
the het house, in which they had been forced up to the unfolding of the 
first blossoms, and were set out of doors. Some pots stayed two days 
lijnger in the hot house and were then sunk in the earth in the middle of the 
day beside the specimens set out earlier. In the afternoon the upper leaves 

. 1 Askenasy, fiber die Temperatur, welche Pflanzen im Sonnenlichte annehmen. 

Bot. Zeit. 1876, p. 441. 
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appeared striped with white, since the parts of each intercostal field farthest 
from the ribs, conducting water, showed dead tissue. The white stripes 
were broadest at the edge of the leaf and dwindled gradually toward the 
midrib so that it was clearly evident that the burning of the leaf occurred 
earliest and strongest in those regions which lay farthest away from the 
water conducting system of the large vascular bundles. 

The epidermis did not seem essentially changed in the white places, 
but the palisade parenchyma which no longer had chloroplasts was greatly 
changed, while a transitional zone toward the healthy tissue, provided with 
large cjilorophyll bodies arranged along the walls, showed a content still 
green hut cloudy. In tissue, which had become white, the cell walls of 
which had remained clear, glycerin contracted only a small amount of the 
contents so that it was necessary to conclude that in this short time a large 
part of the contents had been used up in respiration. In the places most 
greatly injured, the epidermis was raised here and there, like blisters, from 
the flesh of the leaf (burn blisters) and the destruction of the chlorophyll 
had extended even to the under side of the leaf. .After some weeks it was 
possible to observe a regeneration of the chloroplasts in the burned leaves 
in the above-mentioned transitional zones. Thus, a healing process had 
taken place exactly as after slight injuries from frost. ' The presence of 
mycelium could now be demonstrated beneath the bum blisters in which 
part of the epidermal cells seemed to have collapsed. 

Rowlee' observed a collapse of the epidermal cells even after an 8 hour 
exposure to electric arc light which acted on the leaves of heliotrope at a 
distance of one metre; other plants (for example Ficus elastica). under 
similar conditions, remained unchanged. 

In fleshy, long-lived leaves, the healthy tissue is separated from the 
burned tissue by a cork zone, as is shown in the subjoined illustration of a 
Clivia leaf injured in August from sunburn. It is easy to observe that the 
position of the leaf determines the place of production of the burned spot, 
since only those places, perpendicular to the source of heat, turned a yellow- 
.ish gray and collapsed. On the following day the burned spot was per- 
fectly brown and brittle. The youngest leaves were uninjured. The 
boundary between dead and living tissue becomes sharp, as soon as the 
burned spot extends through the whole thickness of the leaf. If, however, 
only the upper side of the leaf is injured, a faded, transitional zone is found. 
In this, the chloroplasts turn the color of verdigris, while the remaining cell 
contents show a yellow green. Therefore, there may occur here first of all 
the disappearance of the xanthophyll, while the cyanophy 11 remains com- 
bined in the chloroplasts. Thus, the contours of the mass of chlorophyll 
grains, which at first refracted the light equally strongly, become less sharp 
and a large amount of very fine granules give it a sandy consistency. 

1 Rowlee, W., Effect of electric llffiit upon the tissues of leaves. Just's hot. 
Jahresber, 1900. 11, p. 287. 
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Finally, the chloroplasts form groups, a dirty tea-green to a blackish green 
in color, which assume a cord-like form because the cell collapses. These 
content masses, which lie against a wall, bleach very quickly in sunshine 
and &use the yellowish gray color of the burned place. The cell walls do 
not lose their cellulose character, as is proved by testing them with chfor 
zinc iodide. 

The healthy tissue begins at once to cut itself off from the injured 
tissue by a cork zone (k) whereby the cells of the transitional zone (br), 
which have remained rich in contents, at first somewhat enlarged by an 
undulation of their walls (/», z), show enlarged intercellular spaces and 
gradually die. 

When the burned spot becomes somewhat older, it turns a deeper 
brown, in which the epidermal cells, which have not collapsed (e), partici- 
pate even up to the healthy tissue. The cork zone (k) is produced by a 



Fig, 151. Cross-section through a sunburn spot in a leaf of Olivia nobllis. 


division and elongation of the mesophyll cells which have remained alive at 
the edge of the burned place. The normal cells, back of these (p) usually 
remain somewhat poorer in chlorophyll. The callous appearance of the- 
peripheral zone (w) of the normal leaf part at the edge of the 'burned 
place should be noted ; this is explained by the distention of the cells, which 
develop the cork zone, and of the mesophyll '(A) lying in front of them, 
which had been inj ured but did not die at once. 

Sunburn Spots in Conservatories. 

Complaints of the occurrence of burned spots on the leaves of tender 
plants in conservatories abound, especially in spring, and opinions as to 
their production differ greatly. Sometimes bubbles in the glass are held 
responsible for this. Sometimes, it is thought that the drops of water, 
whtth remain on the upper surface of the leaf after the plants are sprinkled, 
act as burning glasses or become so warm from the sunshine that they injure 
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the tissue. Jonsson’s* experiments have proved that the bubbles in the 
glass are actually the cause. He observed the light image of the sun's rays 
produced on the leaf by such bubbles and the changed position of such 
spots resulting from the change of the sun’s position. This explains also 
thS not infrequently observable phenomenon that such burned spots appear 
in regular lines. 

One experiment proved, however, that sprinkling can also act danger- 
ously, when a drop of water remained hanging on the under side of the 
cover glass, fastened at some distance above the surface of the leaf. In 
this, trgees of burned spots could be produced, while drops of water lying 
directly on the leaf caused no injury. 

To avoid such disadvantages, it would be advisable in general practice 
t(J choose better grades of glass at least for those hot houses in which valu- 
able foliage plants are kept. 


Defoliation. 


Phenomena of scorching are not here concerned but rather the precipi- 
tous maturity of the tissues. In ca.ses observable out of doors, a great 
dryness of the soil is usually combined with the direct action of the sun. 
Special experiments with burning glasses show, however, that even in 
damp soil the leaves arc thrown off which are most strongly injured by 
burned spots. Wiesner*' found that, in “the falling of leaves due to heat,” 
those which usually fall come from the inner part of the crown of the tree, 
rather than from its periphery. He thinks that these outer leaves, as a 
result of their greater radiation of heat, do not become so warm as the 
leaves found in the enclosed places. We might seek the reason for this in 
the different vitality of the organs. Those exposed to the greater amount 
of light produce more substance and their cells arc richer in cytoplasmic 
material. They have, therefore, with an abnormally increased evaporation 
and respiration, more resen'e substances and arc longer lived than leaves 
of the same period found in the inner part of the tree crown. Young 
organs in themselves are more resistant. 

In cases occurring out of doors, the place of growth, together with the 
water supply, acts decisively. Among forest trees, this is seen best in oaks 
and larges in young plantations where individual specimens, already show- 
ing completely dried bunches of leaves, are always to be found between 
green trees which have been uninjured, or only slightly changed. 

In one young larch plantation, I found that the specimens most greatly 
injured had lost almost all their needles from the upper branches. Only the 
very young shoots, the tips of which seemed twisted and a fox red, still held 
needles which hung downward like red tassels. The youngest needles of all 


1 JBnsson, Benut, Om Brannliftkar pa vixtblae 
Zeltschr. f. Pflanzenkrankh. 1892, p. 358. 

2 Wlesner, Jut., ttber den Hitzejaubfall. Ber d. I 
P. 601. 


Botaniska Notiser 1891. 
Bot.. Ge«. 1904, Vol. XXII, 
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seemed faded, flattened and papery dry. Their extremely scanty cell con- 
tents formed a colorless ball, lying free in the inner part of the cell and 
turning yellow with iodine. In the older needles, the cell walls of which 
had remained perfectly colorless, the abundant cell contents appeared in the 
form of pale grayish red, or yellowish brown, uniform masses lying against 
the wall. The appearance resembled that produced under the influence of 
acid gases. In spruces too the discoloration of the needles, produced by 
intense summer drought, is very similar to that produced by sulfurous acid. 

A similar dropping of the leaves, due to heat and drought, may also 
occur not infrequently in other conifers, especially when suddenly left 
standing alone. My experiments with spruces showed, in regard to the 
process of dropping needles, that when the rays from a lens were focussed 
at the base of the needles, these could be loo.sened at once with a slight pres- 
sure even if they showed no discoloration. When the needles were injured 
at points higher up they remained attached. In the burned places the cell 
contents had contracted into a band-like, green to brownish-green mass in 
the centre of the cell, and even their granular structure could still be per- 
ceived. The contracted content masses lay usually in the same position in 
the different cells, i. e., in the direction of the long diameter of the needle. 

Injuries lo the bud from sunburn are comparatively rare. This is to be 
attributed, in part, to the protection of the covering of the buds by a hairy 
felt, gum, resin, cork layers, or the like, which often are found to be espe- 
cially effective; in part, also to the abundant cytoplasmic contents of the 
young tissue which, therefore, are changed with greater difficulty. In the 
tropics, special protective precautions may often be found. According to 
Potter', for example, in Artecarpus, Heptapleurum, Conarium ceylanicum, 
and others, the stipules of the older leaf organs serve as a protection for 
the young leaves until they become strong, or the entire old leaf at first 
forms a protective covering for the young one jUvaria purpurea, Gos- 

sypium, etc.) , , , ■ 

In peach forcing in England, « dropping of the peach buds has been 

observed. In places, where a damp cloth was stretched over the plants as 
a protection against the action of the sun, no dropping of the buds was 
found". 

Sunburn in Blossoms and Fruits. 

In injuries to blossoms, no absolutely high degree of temperature is 
necessary; even the usual temperatures cim become injurious for shade 
loving plants in an unfavorable place of growth. The tuberous Begonias 
form the best known example, the blossom edges of which easily become 
brown if the plants cannot benefit from the evaporation from moist soil. 

An unusual excess of heat affects fruit in two ways. On the one 
hand, it jiroduces premature ripening, i. e., the appearance of the processes 


1 potter. M. C., Observations on the Protection of Buds in the Tropics. 

Linn. Soc. XXVIII, 1893. p. 343. 

2 Gardener's Chronicle 1893, XIII, P* 
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of ripening at a time when the fruit should really be storing up reserve 
substances. The result is that the cells of the fruit flesh, insufficiently filled 
with resen'e substances, end their life prematurely, resulting in a specked 
condition and premature decay when stored. In grains, a premature 
ripening of the blades causes a distinct injury to the kernel from an insuffi- 
cient formation of starch*. 

The other form of injury consists in the direct killing of the tissues, 
by sunburn, on the exposed places of juicy fruits. Such burned spots fre- 
quently resemble places injured by hail bepause the killed tissue cannot 
stretch proportionately during the process of swelling of the fruit and 
therefore tears. In the increasing cultivation of the tomato, we now find 
abundant examples which remain unrecognized only because fungi usually , 
infest the burned places of the fruit. The cases are then described as 
parasitic diseases. 

Injury to Grapes from Sunburn. 

This is of great agricultural significance. According to Miiller- 
Thurgau’s observations^ an injury to grapes will be observed when hot, 
dear, sunny days occur suddenly after a longer period of cold, damp 
weather. It is found then, almost as a rule, that the berries of the free 
hanging clusters, exposed to the direct rays of the sun, lose their green 
color, become pale, then turn brown and finally shrivel. , The stem of the 
cluster also begins to suffer where it is directly touched by the sun's rays. 
The berries, hanging td it, shrivel but, in this case, do not lose their green 
color. In the blue varieties, the berries, which come in contact with the 
sun’s rays, remain green, becoming darker than those of the white varieties 
and turn almost black. In some years, whole bunches are found shrivelled 
up like raisins, producing in places a considerable injury^ That it is 
actually an excess of the heat which kills the berries in this case is shown 
by the fact that grapes, which were warmed in a tin case to 50 degrees C., 
took on exactly the same appearance as specimens attacked by sunburn out 
of doors. The state of ripeness, as well as the water content of the organs, 
and also the hqmidity of the surrounding air, exercises a decisive influence 
on the burning. Unripe Riesling and Sylvaner berries were not injured 
when warmed to 42 degrees C. for two hours but were injured at 44 degrees 
C. after an equal length of time. 

Direct measurements showed that the berries, on which the sun shone, 
were warmer than the surrounding air. While a thermometer in the air 
showed 24 degrees C. in the shade and another 36 degrees C. in the sun, the 
temperature in the grapes, exposed to the sun, increased to 40 degrees C. 

It was found further that Riesling grapes from good warm positions 
were poorer in water and suffered less from sunburn, thm those from 

1 DAhSrain et Dupont, ttber den TJreprung der StRrke des Welzcnkorns; clt. 
Biedermann's Centralbl. 1902, p. 324. 

2 Der Welnbau 1883, No. 36. 

2 Jahreaber, d. Sonderausach. f. Pflanzenschutz 1892. Arb. d. D. Landw. G. 
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inferior vineyards. Besides the small water content, the advanced ripeness 
of the berries is a condition which acts as a protection against sunburn. 
The early Malinger and the early Burgundy, which ripen even in the middle 
of August, for example, showed no injury whatever from the hot August 
sun while more than 50 different varieties of grapes, standing close by, 
which ripened later and therefore were still hard and green in August, had 
suffered more or less. Measurements of the temperature in green, unripe, 
hard berries of Riesling, Sylvaner, Elbling and late Burgundy showed 
injury at 43 degrees C., while the fairly ripe berries of the early Malinger 
and early Burgundy could be warmed for some time up to 55 degrees C. 
without injury and the flesh of the Malinger grapes was killed only at a 
temperature somewhat above 62 degrees C. 

The discovery by practical workers that sunburn is found most fre- 
quently when wet, cold weather precedes hot days, is explained, on the one 
hand, by the greater water content of the berries and, on the other, by a 
lesser evaporation and, consequently, a lesser cooling when the air is moist. 
In regard to the influence of drought, Muller made an experiment on two. 
Riesling grapes, one of which was placed in a glass vessel lined with moist 
blotting paper, the other in one containing some calcium chlorid, and both 
placed in ^ tin case which could be heated. The grapes in moist air were 
completely killed at a temperature of 41.5 degrees C, while those in the air, 
dried by the calcium chlorid, were scarcely injured. Two thermometers, 
one of which hung free while the bulb of the other was stuck into a grape 
berry, were put in a similar tin case, and warmed up to 40 degrees C. The 
thermometer, covered .by the grape, constantly stood approximately 4 de- 
grees lower than the other when the temperature increased slowly as well 
as when it decreased. This may well be conditioned only by the evapora- 
tion of the grape. 

The phenomenon of Seed cracking can set in as the result of sunburn. 
Since, however, different causes of this phenomenon exist, it would be 
better to consider it later by itself. 

At times so called “rusty grapes” are found, i. e., those of which the 
skin has formed fine cork lamellae. This has been thought to be a protec- 
tive means against sunburn'. 

Protection of the grapes by the leaves is the best precautionary method 
and it is vgrong to think grapes are helped by the removal of their foliage. 


Sun Cracks. 


In forest and other trees, at times in spring, the bark cracks. This 
phenomenon has been named' Sun cracks by de Jonghe, while Caspary’ 
considers them due to the action of frost. Surface dying of the bark is 
distinguishe^t nr sunburn, from simple torn wounds. Illustrations are found 


1 Zeitschr. f. Pflanzenkrankh. 1902, p. 111. 

2 Bot. zlit. 1857, No. 10; “Bewirkt die Sonne 
Baume?" 


Risse in Rinde und Holz der 
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in R. Hartig' and Nordling^. The latter distinguishes still another “winter 
sunburn”* in which the injury to the trunk is foilnd only at its base. The 
reflection of the sun’s rays from the upper surface of the soil is assumed to 
be the cause. R. Hartig's illustration shows the lower end of the trunk of 
a red beech sapling with sun cracks*. Since these phenomena, as yet, have' 
only been observed in the late winter and strict experimental proofs are still 
lacking, we maintain the opinion e.\prcssed earlier that the cracks are pro- 
duced by differences in tension which arise with a sudden sharp change in 
temperature without the necessity of a wanning of the tissue from the sun 
until it dies, as is the case in sunburned places. Hartig’s’ measurements of 
a spruce in August show how much the parts of the plants are warmed 
above the temperature of the air. With an air temperature of 37 degrees 
C. he found 55 degrees C. in the cambial region of the southwest side ; only 
45 degrees C. on the south side; 39 degrees C. on the east side; 37 degrees 
C. on the north side. The measurements were made in the afternoon 
after 4 o’clock. 

Influence of Too Great Soil Heat. 

Sachs® has already furnished abundant material in regard to the deter- 
mination of the temjierature requirements of different plants and especially 
with respect to the germination of seeds which had been exposed to a high 
temperature of air and water. In the latter connection it is evident that 
dry seeds endure a higher temperature without being injured than those 
already sprouted and that probably all plant tissue (within boundaries 
required by the species) is in every case the more resistant to heat the less 
the water content of the cells is proved to be. Corroborative works have 
been furnished by Haberlandt, Wiesner, Fiedler, Krasan, Just, Nobbe, 
Hoehnel and recent authors, in regard to which reference must be made 
to Pfeffer’s Physiology. 

Just’s’ experiments show, for example, that unfavorable results mav 
be experienced when, in germinating seed, the temperature is increased 
above the optimum given for any special variety. He found in these ex- 
periments, that a prolongation of the germinating time and a slower devel- 
opment of the seedling is produced by too high temperatures, just as in 
seeds which are too old. 

Prillieux’s* older work is of importance in regard to the anatomical 
changes. In bean and pumpkin seeds, sown in pots in which a high soil 
temperature was maintained by heated wires, the following results were 
found : the young seedlings grew but little and with difficulty ; however, 

1 Lehrbuch der Baumkrankheiten, 1st ed., p. 188. 

2 Lehrbuch des Forstschutzeg, 1884, p. 332. 

3 Baumphystologische Bedeutung des kaJten Winters 1879-80; cit. Illustrlerte 
Gartenzeitung 1881. 

* Lehrbuch der Pflanzenkrankheiten, 3d ed. 1900, p. 230. 

3 Ibid., p, 228. 

« Bxperimental-Phystologie, p. 64 ft. 

t Cohn's Beltritge zur Bjologie der Pflanzen. Vol. II, p. 311. 

3 Pritlieux, Alterations produites dans les plantes par la culturl dans un pol 
surchaufte. Ann. sc. nat. Ser. VI Botanique, t X, p. 347. 



they looked swollen ; in the places where the swelling of the little stems was 
most intensive, gaping, usually horizontal wounds were found which ex- 
tended to tlie pith. In contrast to normal plants of the same age, those of 
the over-heated soil were only half as long but approximately three to four 
times as thick in diameter at the place of the greatest swelling. Here too 
the epidermal cells were two to three times as broad as in normal plants. 
The stomata showed the same difference only to a slighter degree. The 
hairs were not changed. The bark parenchyma w-as, to be sure, four times 
as thick but no cell increase had taken place; the cells of the pith paren- 
chyma showed still greater radial distention; but actual cell increase could 
be proved only in the bast parenchyma. Prillieux cites further that the 
nuclei behave similarly. They hypertrophy and increase in such a way that 
even three or four may be found in a single cell. Nuclear division takes 
place by fragmentation. Such a cell increase is perceived also in the short, 
curved and twisted, but not swollen, roots of the changed plants. The large, 
deformed nuclei show usually very irregular nucleoli, occurring more than 
one in a dell, in which, not infrequently, vacuoles appear when colored black 
with osmic acid. In fragmentation of the nuclei, first a fold usually ap- 
pears at one side and seems to constrict the nucleus. Later a cytoplasmic 
wall is formed between the two resulting nuclei. The two halves, thus 
produced, become inflated and tend to separate, which separation, however, 
does not always actually become complete. It also seems that this cleavage 
of the nucleus takes place within an already existing cytoplasmic covering, 
belonging to the original nucleus, which docs not rupture until later. 

This increase of the nuclei and the tender bast element may indeed 
indicate the way in which a higher soil temperature, which approximates 
the optimum, can act favorably. Cell increase and the conducting of the 
plastic material may be hastened. As is well known, horticulture makes 
good use of the beneficial influence of the higher soil temperature by means 
of hotbeds. Yet just here the observation may he made, that a too high soil 
temperature is not favorable for the many plants from a cooler climate. 
They do not grow more rapidly but easily decay. The assimilatory energy 
slackens and the weakened organism is attacked by bacteria and fungi. 
Hellriegel's experiments^ show how much assimilation falls when the soil 
temperature becomes too high. Comparative cultures in roasted quartz 
sand gave yields for 

rye 

at 8° 10” 16” 20’ 25” 30” to* C. constant soil temperature 

Fresh weight .... 191.6 176.3 269.4 456.6 376.0 408.0 240.1 
Dry substance .. 23.9 22.8 32.4 49.5 42.4 47,0 31.2 

wheat 

Fresh weight .... 98.6 130.8 241.0 260.5 342.0 402.2 296.0 

Dry substance .. 15.8 20.8 29.5 30.8 43.9 46.9 40.8 


Fresh w^ht .... 
Dry substence . . . 


barley 


161 9 156.0 383.4 408.5 436.2 365.0 230.5 
17.1 18.0 34.4 36.7 42.0 35.0 26.3 


1 Beitr. zu den naturwissenschaftlichcn Grundlagen des Ackerbaues. Braun- 
schweig 1883. Vieweg & Sohn. 



The results refer to young plants and show clearly how the production 
falls off toward an upper and lower limit starting from an optimum tem- 
perature for the roots. At the same time the figures also throw light upon 
the difference in the warmth needed by the different species. Wheat (at 
least when young) requires the highest soil temperature. Wheat developed 
the most energetic assimilatory activity at 30 degrees soil temperature, while 
rye developed best at 20 degrees and barley at 25 degrees C. 

Also in this young stage, when adjustment to conditions is easiest, the 
plants clearly show the disturbing influence of too high a soil temperature. 
Aside from the retardation of germination, a considerable difference was 
shown in the habit of growth of the seedlings in that their stems and leaves 
at high temperatures became thin and delicate while, at lower soil tempera- 
tures, the specimens appeared short, thick and more fleshy. 

The experiments by v. Bialoblocki^ gave the same results and showed 
also considerable differences in the formation of the root system. The 
barley plants, which were kept growing constantly at 10 degrees C., soil 
temperature, had formed their roots from a few large, strdcin^y strong, 
splendidly white branches of the primary and secondary series, of which the 
latter were unusually short and covered with small, wart-like protuberances 
(latent eyes of the tertiary scries). The individuals, standing in the soil at 
30 degrees C., constant temperature, had developed unusual, richly ramified 
brown root fibres, as thin as threads, which had become matted to a thick 
felt. At 40 degrees C. the character of the root ball was the same but its 
extent was very small ; a small felt was formed in the upper soil layers. 

Tolsky“ also found in oats a stronger development of the individual 
roots at a lower temperature and recently Kossowitsch“ confirmed these 
results. The rate of penetration of the oats roots into the soil was retarded 
thereby. A soil layer of about 30 cm., at the increased temperature, was 
penetrated 14 days after seeding but, at the lower temperature, only after 
30 days. 

Also in other experimental plants (mustard and flax) the weight of the 
air dried roots was the greatest at a low temperature. The amount of 
evaporation of plants grown under such conditions was less than for speci- 
mens of similar development which had grown at the normal, or higher 
temperature. 

Failuee op the Pineapple. 

The fact, that pineapples grown in European conservatories surpass 
imported fruit, because of increased flavor, has extended their cultivation 
in private gardens in some regions (for example, Silicia). The greatest 
danger in their cultivation lies in their "Durchtreiben,” i. e., a continued 
leaf growth at a time when the plant should enter its rest period in order 

1 Landwlrtschaftliche Vereuchsstatloneii 1871, Vol. XHI, p. 424. 

2 Joum. f. experim. Landwirtschaft, 1901, p. 730. 

2 Kossowltsch, P., Pie Entwickelung der Wurzeln in Abhdngigkeit von der 
Bodentemperatur in der eraten 'Wachstumsperiode der Fflanzen. Joum. f. experim. 
Landw. 1903; dt. CentralbL f. Agrkniturchemie 1904, p. 461. 



to set fruit. The cause lies in the untimely supply of heat and water during 
the rest period of the plant, which needs three years for its development. 
After the plants from the sprouts (suckers) of already fruited plants have 
grown for two years in hot beds, they are planted in the autumn of the 
third year in beds close under the glass of greenhouses which are built flat 
purposely for pineapple growing. These beds are kept at a high soil tem- 
perature by bottom heat. When the plants are well rooted at a temperature 
which should lie between 25 to 27 degrees C. the heat must be decreased at 
least 10 to 12 degrees C. and a marked, dry period begin. Only if the 
plants have thus been given a complete rest, may the forcing begin again in 
February, when the former degree of heat in the soil is allowed to act again 
on the plants and the soil very soon well watered with warm water. If, 
after 4 to 6 weeks, the leaves of the plants begin to spread out and to 
become colored at the heart, it may be concluded that the fruit is setting. 
For fear that the decrease of temperature may injure the pineapple the 
moisture and heat are often not sufficiently reduced and the result is a 
continued growth of the plant with the exclusive production of leaves. 

According to reports made by Cousins' the same phenomena appear in 
the cultivation of the pineapple in the tropics. 

The Glassiness of Orchius. 

Two cases may be briefly mentioned here in which plants of Oncidium 
developed young shoots, nearly all of which showed a glassy, translucent 
consistency. A few days after the appearance of the glassy places, at the 
base of the bulbs, the shoots fell over and decayed. Since parasites could not 
be found in the initial stages of the disease and the slenderness of the older 
shoots indicated great heat and moisture, the plants, without any further 
treatment, were brought into a cooler, brighter conservatory. After a few 
weeks, the phenomenon had disappeared. 

Failure in Forcing Blossom Bulbs. 

Often, after very hot summers, gardeners complain that, contrary to all 
expectations, the blossom bulbs develop poorly ; that, when the usual tem- 
perature Was used, the blossoms pushed unsatisfactorily out of the bulbs 
and these began to decay. Bulbs set out later than usual for forcing and 
cultivated with less heat, however, gave perfect blossoms. 

From the different cases with which I have become familiar, I have 
formed the following theory: if a period of warm weather occurs in the 
early summer, when the bulb fields are in tbe midst of their most vigorous 
development, the foliage is killed prematurely by heat and the bulb becomes 
ripe prematurely. Under such circumstances, the material which later, in 
forcing, should furnish the starch dissolving enzymes, seems to be formed 
in insufficient amounts. If, in forcing the bulbs in winter, the usual high 


.1 Revue cult colob. 1902, No, 92. 



temperature is made use of at the customary time, the stimulus of the heat 
for these prematurely ripened bulbs is too great, since they require a slower, 
more gradual sprouting with lower temperature. If this requirement is not 
taken into consideration, the reserve substances are not used, as normally, 
in nourishing the inflorescence and the bulbs decay. 

Another case in which similarly the usual forcing method fails, be- 
cause the temperature usually found to be best proves to be too high, is seen 
in the "falling over of tulips.” In certain early varieties (pink blooming), 
it has been observed that the peduncles break over before the blossoms open. 
A glassy spot i to 2cm. long, appears below the node nut of which leaves 
spring in these varieties (several centimeters above the neck of the bulb). 
The gradual shrivelling of this spot causes the breaking over of the stem. 

Investigation proved an abundance of starch throughout the whole 
bulb body along with an unusual amount of peroxydases. In forcing, it 
was found, however, that with a high increase of temperature, the starch 
was insufficiently dissolved, i. e., too little constructive material was sup- 
plied to those forced aerial parts. The medullary tissue of the stalk, poor 
in contents, was torn at this glassy place, because of the rapid elongation, 
thus destroying the rigidity of the stalk. Bulbs, from the same shipment, 
which were set out some weeks later, i. c., nearer their natural time of 
developing and in the same temperature, developed normally. It is thus 
seen how the same temperature in the conservatory can act favorably at 
one time, unfavorably at another, according to the weather of the previous 
year and the constitution of the bulbs, and it is advisable at the beginning 
of the time of forcing to make some preliminary tests. 

In lilies of the valley, the same circumstance of unusually rich starch 
production with an insufficient supply of starch dissolving enzymes mani- 
fests itself in the scanty development of the blossom sprays. At first only 
a few of the lowest blossoms of the sprays develop and only after these 
have withered do the upper bells open. For this reason, forced lilies of 
the valley often become unsalable as market plants. For’ such cases the 
process used by Garden Inspector Weber' of Spindlersfeld can be recom- 
mended. He watered the pips with water at 44 degrees C. before planting. 
At any rate, the dissolving of the reserve substances was hastened by this. 

It is evident from the.se examples that the dormant plant parts must 
have reached a definite condition of maturity for success in forcing, which 
condition is characterized by a sufficient supply of starch dissolving enzymes. 

Seed Which Has Suffered From Self Heating. 

Without going into the much mooted question whether the self-heating 
of unripe seed, or of seed stored in a moist condition, takes place from the 
effects of oxydases, or from micro-organisms, as in hay', or from both 

1 “Gartenflora,” Berlin, 1907, Part 2, p. 26. 

D Selbsterhitzung des Heues. Arb. d. Deutach. Landw., Ges. 

Part 111, 1905, p, 76. 
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processes, we will consider here only the utilitarian value of the heated seed. 
We will mention, as example, an observation made by Bolley', who found 
in overheated wheat, stack-burned as well as bin-burned, that the embryo 
was browned, or entirely killed. If the grains develop at all, the tips of the 
leaves usually die and the roots have no hair covering. The injured grains 
have lost their clear color and appear pale or browned. The testa is pale 
and wrinkled ; the flavor of the grain, as a rule, is sweetish and the germin- 
ating power, even in grain which looks good, is weakened. 

The injury to the germinating power takes place so much the more 
rapidly the less ripened the seed was when stored or the less draughty the 
place of storage, since wind can dissipate the water vapor. According to 
Jodin’s experiments- the use of a drying substance (slacked lime) has 
proved to be advantageous. 

1 Bolley, H. L., Conditions affecting the value of wheat for seed. Agric. Exp. 
Sta. North Dakota; cit. Zeitfichr. f. Pfla.n7.enkrankh. p. 22. 

8 Jodin, V., Sur la resistance des groines aux temperatures ^lev6es. Compt. 
rend, 1899; cit. Bot. Jahresber. 1900. II. p. 420. 



CHAPTER XIII. 


LACK OF LIGHT. 


Etiolation. 

The disease, which is produced by deficient illumination, or entire lack 
of light, is called etiolation (etiolement). The different stem members in 
the majority of green plants become uncommonly long and weak. Accord- 
ing to the variety to which they belong, the leaves, as well as the intemodes 
of the stem, either become very long, slender and limp (the majority of 
monocotyledons), or develop only very slightly and remain, for their whole 
life, in a condition similar to that in the bud (most dicotyledons). 

A bleaching of the green parts of the plants, i. e., an arrested develop- 
ment, or decay of the existing chloroplasts, is connected with this change’ 
in form. We find exceptions only in the gymnosperms, of which the major- 
ity are unusually little susceptible to the removal of light. At any rate, 
according to Burgerstein' the absorption of the endosperm becomes slower, 
the epinastic spread of the cotyledons less energetic and incomplete than in 
the light, but — with the exception of Gingko biloba and Ephedra — the seed- 
lings did turn green. Cycas and Zamia, on the other hand, cannot form 
any chlorophyll in complete darkness, even with a favorable temperature. 
Among conifers, the larches need the light most since they become only 
slightly green when it is excluded, while the Cupressineae become com- 
pletely green. 

The difference in the formation of the leaves of etiolated plants is 
explained by the fact that the leaf, for the most part, must nourish itself 
and that the cellulose material, which it needs for the new formation and 
maturing of the leaf cells, can be formed only by the action of the light on 
the very spot. If the nutriment is suppressed, the leaf cells, already formed 
in the bud, elongate with the absorption of water, on which account the 
leaf itself will become somewhat larger, but all further growth, depending 
on cell increase, will be impossible. The more the leaf, in its later enlarge- 
ment in the light, depends on cell increase, the smaller it remains when the 

1 Burgerstein, A., ttber das Verhalten der Gymnospermen-Keimllnge im Lichte 
und ira Dunkeln. Just’s but. Jahresb. 1900, II, p. 260. 
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light is shut away. Further, it will develop so much the less, the fewer the 
cells originally formed as leaf primordia at the tip of the stem j a clasping 
leaf, on this account, will develop further than a whirl leaf can, because, 
in the primordia of the former, the whole circumference of the stem is 
active, while in those of the latter, the cells at the same height on the stem 
must be divided among as many leaves as the whirl numbers. A further 
point, which must be of influence on the development of the leaf in the 
dark, is the distance of the leaf primordia from the source of the reserr'e 
substances. Those produced first, and lying nearest a reserve substance 
store, remove more material from the supply and, on this account, become 
larger than those produced later and higher up on the etiolated stem. Thus 
the development of the etiolated leaf is dependent on the individual 
primordia and on the amount of nutrition to be found in its immediate 
proximity. 

The primordia of the monocotyledon leaves, in the majority of cases, 
are formed like a roll, surrounding the stem, below the vegetative cone and 
in the immediate proximity to reserve substance stores, when these are 
present, from which the dissolved constructive material has to pass only a 
short distance through the shortened axis (grasses). 

Having discussed the etiolation phenomena of the leaf, the unusual 
elongation of the etiolated stem members remains to be explained. We will 
follow in this the statement made by Kraus’. As a rule, etiolated stems are 
thinner than normal ones, caused by a lesser number of cells, and this 
*Heficient activity in the cambium of the stem is explained by the assumption 
that some of the nutritive substances, worked up by the leaf, which pass 
over into the stem through the petiole, pass further in a radial direction and 
help to nourish the cambium of the internode of the stem. If this source of 
nutrition fails, i. e,, the leaf, which in the dark remains in the form of a 
scale, is not in a position to obtain material for cell increase, the stem mem- 
ber remains as it is without any actually new cell formation. The thicken- 
ing of the cell walls is also suppressed. In normal stems the parenchyma 
cells of the bark and the prosenchyma cells of the wood become thickened 
during their growth in length. The pith cells, however, begin to grow 
thicker only when elongation is approximately at an end, i. e., at the latest 
moment, since they are only reached by the cellulose micella, wandering in 
a radial direction from the leaf into the interior of the stem, when it is no 
longer used to thicken the wood or bark cells. In etiolated stems, because 
of the lack of nutrition, the thickening of the cell is only indicated, so that 
it is almost lost in those which lie between the different vascular bundles 
and, in the normal condition, develop into wood cells. On this account, 
frequently no closed wood ring is found in the etiolated plants. _ The loss 
in thickness suffered by these cells is compensated for by their greater 
length, which exceeds that of the normal cell from two to four times. 


1 Kraus, C., tiber me I^rsaeh™ a Fo^veran^ Fflanzeu. 

Prlngshelm's Jahrb. f. wiss. Bot, Vol. VTI, . . P 
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This excessive length is explained by the modified tension conditions in the 
stem members. 

The bark, if loosened from the growing part of the stem, contracts; 
the isolated pith body, on the other hand, becomes considerably longer. It 
is evident from this that, in the stem, the pith is really the elongating facto^, 
while the rest of the tissue represents the restraining factor. Only when 
the stem is still very young can. the pith satisfy the impulse for elongation 
because the surrounding tissues are still thin-walled and very easily 
stretched. They can, therefore, most easily follow' passively the strain 
which the pith exercises. Gradually, however, the elasticity of the outer 
tissue is entirely lost and the longer pith is now restrained by the thick- 
walled bark and wood elements. In the latter developmental stage, shortly 
before the stem member ceases growdng, the differences in the tissue are 
equalized, for now the pith cells grow broader rather th.in longer, as a result 
of the restraining influence of the bark layers and, in this form, become 
stable since the porous thickening layers are now formed in the cell wall. 

Therefore, the longer the bark elements remain elastic, so much the 
longer can the pith follow its impulse to elongate and draw the other tissues 
out w'ith it. 

The etiolating plants often resemble juvenile organs and the condition 
of etiolation, up to a certain degree, can be designated as a permanent juven- 
ile form. 

After discussing the morphological changes, we have still to consider 
some metabolistic processes. First of all we will mention the investiga-’ 
tions of E. Schulze and N. Castoro* on T.upinus albus. In etiolated seed- 
lings, the protein content decreases constantly, while asparagin increases; 
tyro.sin and leucin decrease. At any rate, seedlings grown in the light 
retain for a long time a high amount of asparagin but contain very little 
amino acid. 

Palladin’s- experiments make it evident that the decreased current of 
transpiration in etiolated plants causes a too slight absorption of mineral 
elements, especially calcium. A lack of calcium salts, however, even in 
leaves ^ich in proteins, prevents all further development. 

Wiesner’ has shown by numerous experiments that plants grown in 
the dark are less resistant to atmospheric influences. Fie found, for 
example, that seedlings, grown in the light, are much more resistant to the 
action of rain and water in any form, than seedlings developed in the dark. 

Observations made by Maige* on Arapelopsis and Glechoma show how 
the material differences come to expression in growth. Diffused light 

1 Schulze, E., u. Castoro, N., 7?eitrage zur Kenntnls der Zusammensetzung und 
des Stoffwechels der Keimpfianzen. Zeitschr. f. phys. Chemle, Vol. XXXVIII. Cit. 
Botan. Centralhl. 1904, No. 47, p. 540. 

2 Palladia, W., Eiweissgehalt der grunen und etiolierten Blatter. Ber. d. 
Deutsch. Bot. Ge». Vol. IX, p. 194. — Ergriinen und "Waxihstum. der etiolierten 
Blatter. Ibid. p. 229. 

3 Wlesner, ,T., Der Llchtgenuss der Pflanzen. Leipzig 1907, W. Engelmann. 

p. 260. 

4 Maige, Influence de la lumi&re, etc. Compt rend. 1898, p. 420. Cit Bot.' 
Jahresber. 1898. 1 , p. 587„ 
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furthers the formation of the leaf shoots and can, in fact, cause the trans- 
formation of an inflorescence bud into a climbing branch. Direct sunshine 
has an exactly opposite effect. 

Green's experiments' are very important for pathology and especially 
for the point of view which wc would represent, that a whole series of 
diseases is caused by a change in enzymatic functions. He confirms the 
observations of Brown and Morris that the supply of diastase in the foliage 
is diminished after a period of bright illumination. The ultra violet and 
.adjoining visible rays are especially important in producing such an enzy- 
matic decrease. Such an enzymatic destruction by light may fie compared 
with the well-known killing of bacteria by light. 

Shading. 

In agriculture, the injuries produced by direct etiolation are much less 
frequent and, on this account, less significant than the lower grade of occur- 
rences wlych arise from an insufficient supply of light; i. c., loo strong 
shading, and make themselves felt in the decreased production of useful 
substances. Stebler and Volkart^ have made measurements of the removal 
of light caused by different trees. With a clouded sky, they found a 
decrease of light from the pine of 50 per cent. ; from the birch, 56 per cent. ; 
from the cherry, 78 per cent. ; from the oak, pear and apple, 82 per cent. ; 
and from the beech, 95 per cent. 

Since each plant has its definite need of light, cases also occur in which 
cultivation gives an excess of light, while the natural habitat would furnish 
the plant with only a subdued amount. This is found in many of our hop 
fields and in strawberry culture*. In such cases, shade causes an increased 
production but, iti tlie majority, reduces the amount of dry substance and 
weakens the color of the foliage and blossoms. The question of shading 
may be of especial importance for our colonial plants. In Java, as well as 
in our East Africa colonies, coffee plantations suffer veiy' frequently and 
Zimmerman' ascribes this to a lack of shade trees which would prevent 
over-production by the coffee trees ; for example, in Usambara, this has 
already caused great injury. It is probable that the consequent lessened 
strength of illumination, besides the protection from the wind and decrease 
of temperature, especially favors the thriving of coffee. 

The decreased harvest from plants which need light, due to the influ- 
ence of the shade of trees, arises not only from the limited amount of light 
but also from the lesser warming of the soil. E. v. Oven’s experiments’ 


1 Green J Reynolds. On the action of light on diastase. PhlL Trana. of the 
R. Soe. of London. Ser. B. Vol. 188; cit. Bot Jahresber. 1897. I. p. 89. 

2 Stebler F G u Volkart, Der Einfluss der Beschattung auf den Rasen. 
Landwirtsch.' J^rbucher. d. Schweiz. Bern 1904; cit Bot. CentraJbl. 1908, Vol. 


101, p. 60. 

3 Taylor, 0. M., and Clark, V. A., An experiment in shading strawberries. New 

York Agric. Exp. s'ta. Geneva Bull. 246, 1904. . ^ -r. ttt ui*-. 

4 Zimmerman, A., Einige Bemerkungen zu dem Aufsatze von Fr. Wohltmaiin, 
usw. Berichte \iber Land- u. Forstwirtsebaft in Deutsch-Ostafrlka, Vol. I, Part 5, 


1908. 

B V. Oven, tlber den Einfluss des 
pflanze. Naturw. Zeitschr, f. Land- 


Baumschattens auf cten EJrtrag der Kartoffel- 
u Forstwirtschaft 1904, p. 469. 
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show how great the differences can be. He found an average temperature of 
22.26 degrees C. at 9 A. M. on ten days in August, in soil on which the sun 
shone, but, under a cherry tree, a temperature of 19.06 degrees C. In 1884, 
Wollny' had already measured the influence of soil shading due to weeds 
in a potato field and found, at a depth of 10 cm. in the soil, that the temper- 
ature averaged 2.6 degrees C. less than on a field cleared of weeds. 

Besides the temperature, the amount of water in the soil is of impor- 
tance. Gain’s measurements' show' how much the soil moisture influences 
the size of the leaf. He reckoned the length of the organs set in a dry 
habitat at too, the dimensions on damp soil for barley were 240 ; for poppies 
550; for potatoes 150. 

If the plants continue to have too little water, their maturing is natu- 
rally delayed ; their productivity is also considerably reduced. In this 
connection Bimer's experiments® should be mentioned. He found that the 
ripening of potato plants was delayed 8 days in a soil with a 40 to 30 per 
cent, saturation capacity ; 18 days in a 30 to 10 per cent, saturatidh capacity 
in contrast to plants with an. abundant soil moisture (80 per cent, saturation 
capacity). With the same high moisture content of the soil, Wollny har- 
vested 80 g, of tubers from pot plants, while he obtained only 39 g. with 
half the water content of the soil and only 19.5 g. with 20 per cent, satura- 
tion capacity. 

In grow'ing herbaceous plants with shallow spreading roots, the yield is 
markedly decreased by the deeper lying tree roots. In v. Oven’s investiga- 
tions, the water content under a cherry tree amounted to 20.24 per cent., in 
the unshaded vicinity, however, it amounted to 21.78 per cent. According 
to Wollny, 3.86 per cent, more water was withdrawn from a potato field by 
the weeds than by the potatoes alone. 

V. Oven describes the influence of shade on the plant itself, according 
to his own ohsen'ations and those of other scientists. The stem members 
become longer ; the leaves more slender and the ripening is retarded. The 
epidermis, the sheath of the vascular bundles, the W'alls of the ring ducts 
and medullary parenchyma are not so thick and the lignification is less. 

The cause of the lengthened period of grow'th of plants in the shade 
must be looked for in the lesser intensity of metabolism, which manifests 
itself in the weaker respiration, since, according to our experiments, the 
amount of assimilatory activity, under otherwise equal conditions, deter- 
mines the degree of transpiration, and this also explains the essentially lesser 
evaporation, and, on this account, the higher water content in shaded plants. 

Of the numerous experiments, which determine a reduction of the 
harvest due to shade and which v. Oven cites, in addition to his owm, one 
by Wieske on a wheat field is of interest. The plants, which were shaded 
for the gre ater part of the day by fruit trees, gave a grain yield decreased 

1 Forschiingen au£ dem Gebiete der Agrikulturphysik, Vol. VII, p. 349. 

2 Bot. Centralbl., Beihefte. Vol. IV p 418 

S Bimer In Bledermann's Centralbl issi.'p. 154. 



about 30 per cent., and a straw yield about 32 per cent, less than the un- 
shaded plants in the same felds. 

The results which Pagnoul' obtained are especially noteworthy. In 
experiments with sugar beets, he found a strong falling off in sugar content 
with an increase of the leaf substance per gram of root body and, for pota- 
toes, a decreased tuber yield with a significant falling off of dry substance. 
Besides this, however, he proved that the nitrate content for beets and 
potatoes, grown under blackened glass, was morefhan ten times as great in 
the leaves and roots as in plants grown in the sunshine. Therefore, the 
physiological activity was changed in the sh.ide since the nitrates were not 
sufficiently used up. 

Some of V. Oven’s experiments took up the measurement of the inten- 
sity of the light which remained after the sun’s rays had passed through a 
tree crown. It was shown by the Bunsen-Roscoe method, that the propor- 
tion of full daylight to the amount of light under fruit trees was about i to 
0.3. The' shade of apple trees reduces the intensity of the light, on an 
average, from r to 0.234 ; the shade of pear trees from i to 0.233 ; that of 
cherry trees from i to 0.345. 

For practical purposes, the lesson may be drawn from existing obser- 
vations that the cultivation of fruit trees between field plantations, so widely 
recommended, is unprofitable for northern regions. For southern countries, 
in which an excess of light and heat may at times injure the plants, the 
method will be advantageous. We find this theory confirmed by the fact 
that in Italy the fields are divided by rows of mulberry and olive trees, as 
well as by grapevines. According to Linsbauer- the cultivation of grapes 
in Italy (on pergolas) and in Austria (on low stakes) has been determined 
by adaptation to the light conditions. In southern regions, thedonger dura- 
tion of the sunshine permits the shading method of growth on arbors, while, 
in northern countries, the shorter period of sunshine must be fully used. 

Like Frank-Schwarz, we reproduce illustrations of beech leaves from 
.Stahl's well-known studies on the structure of shade leaves. In Fig. 152 
may be seen a beech leaf grown in the sun, in Fig. 153, one grown in half 
shade; and in Fig. 154, another matured in strong shadow. We see from 
these how the leaf decreases in size with deficient illumination. The pali- 
sade cells {pp) are formed in a less characteristic way, the spongy paren- 
chyma (schf) becomes especially reduced and the vascular bundle cords 
weaker; a more feeble bud development is coordinated with the lesser leaf 

development. ' . 

The formation of the tissue, especially the differentiation in the paren- 
chyma tissue®, depends upon the light intensity in the spring. Hesselman* 


1 Annates agronomkiues, Vol. VII, 1891; cit v. Oven. 

2 Wiesner, Llchtgenuss der Pflanzen. 1991. Tlarknesa etc.* cit Bot 

2 MaoDougal, D. F., The Influence ol Light and Darkness, etc., cit. not. 

‘^“V'‘HeL\rann^H.,^z“r Kenmnis des Pflanzenlebens schwedlscher Laubwlesen. 
Bot. Centrjalbl. Vol. 17, 1904, p. 311. 
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found that the plants, completing their development in a constantly reduced, 
but not especially small amount of light, show a much scantier formation of 
the assimilatory tissue than those specimens which have a good deal of light 
in the spring but are strongly shaded in summer. With an equal amount 
of leaf surface, plants grown in the sun, with their matured palisade paren- 
chyma, transpire considerably more strongly than those grown in the shade'. 
According to Ric6me=, the palisade cells are said to be taller but narrower, 
the vascular bundles more abundant in the petioles. The same difference is 
found between specimens grown out of doors and in conservatories®. 

Investigations made by Count zu Leiningen^ give us a satisfactory in- 
sight into the amount of work performed by light and shade leaves. He 



Fig. 152. Cross-section through a beech Fig. 1C3. Cross-section through 

leaf matured in the sun. (After a beech leaf from a half shaded 

Stahl.) position. (After Stahl.) 



Fig. 154. Cross-section through a beech leaf from a very shady place. 
(After Stahl.) 

pp palisfHlepiirenchyiiui, sch spongy parcnchynin. 


found in the beech, reckoned on the same amount of leaf surface, a con- 
siderably smaller content in pure ash (with the exception of silicic acid) in 
sun leaves than in shade leaves; the nitrogen content was ccyresponding. 
We explain this condition of affairs as follows: — the root system provides 
the leaves with equal amounts of mineral substances ; it now depends upon 


1 Bergen, X, Transpiration of sun leaves and shade leaves of Olea europaea 
and other Orval-leaved evergreens. Bot. Gaz. VoL, 38, 1904, p. 285. 

Ric6me, R.. Action de la Inmifere sur dcs plantes 6tiol6ea. Rev. gen. de Bot. 
1902, t. XIV, p. 26. 

8 Kuster, Review of '‘B$d41ian, Influence de la culture en serre, etc.,” in Hell- 
rung's Jahresber. iiber Leistungen aiif d. Geb. der Pflanzenkrank. Vol. VII, 1905, 
p. 7. (Further notes on Sun and Shade Leaves, cf. Ktister, E., Pathologische Pflan- 
zenanatomie 1903, p. 24, etc.) 

4 Leiningen, Wilhelm, (3raf zu, Licht. und Schattenbltltter der Buche. Naturw. 
Zeitschr. f. Land- u. Forstwirtsch. 1905, III Tear, Part 5. 
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how these are made use of. The more vigorously a plant grows^ the more 
organic substances it produces per gram ash. Therefore, a lesser assimii- 
atory activity must be concluded each time, if the analysis proves a high 
ash content in proportion to the dry substances. In the present case, the 
scanty amount of light is the factor reducing production. 

Sensitiveness to shade is, at any rate, connected with a definite limit of 
value for each plant variety, but, as in all factors of growth, these values 
can shift individually to a certain degree, so that, in the same species, there 
may be paces very sensitive to shade in which, in Nordhausen’s' opinion, 
certain reduction phenomena become herditary. 

Each leaf in the plant has its special sensitiveness to shade, according 
to the light conditions under which it was produced, and its position on the 
axis. The shade produced by leaves higher up is the most important. The 
amount of assimilation and respiration, as well as of transpiration, is deter- 
mined by this. In Griffon’s experiments^, for example, it was found that 
a leaf, as thick as that of Primus Laurocerasus is not able, in direct sunlight, 
to completely prevent the carbon dioxid decomposition in the leaf of 
Ligustrum ovalifolium. Under two such leaves, however, the development 
of carbon dioxid took place. Under such conditions, therefore, assimilation 
was so reduced that respiration exceeded it. 

It naturally depends also upon what color the shaded plant parts are, 
i. e., which light colors can still pass through them. , 

According to Teodoresco* the leaf tissues develop most poorly in green 
light; they are found to be better in red light; the best development, how- 
ever, is found in blue light, and, therefore, the greatest enlargement. The 
chlorophyll grains are also smaller in green light, less numerous and not so 
regularly distributed as in red and blue light. 

The product of the activity of the chloroplasts, corresponding to their 
development, is proved especially favorable in the most strongly refrangible 
rays. Palladin< exposed etiolated cotyledons of Vida in sugar solutions to 
white and colored light and found that the assimilation of the sugar, as well 
as the formation of active proteids, took place most vigorously in the more 
strongly refrangible light rays and, therefore, respiration was more intensive. 

If the leaf, because of a scanty light supply, cannot work any longer, 
it falls off, just as under the action of all other factors which suppress its 
assimilatory activity®. This explains the regular “summer leaf fall" which, 
naturally, is 'different from leaf fall due to heat. Wiesner' explains the 


1 Nordhausen, M., fiber Sonnen unrl Scbattenblatter. Ber. d, Deutsch. Bot. 

Ed^'L'aSmilation chlorophyllienne dans la lurnWre solaire qui a 
traverse des feuilles. Conipt. rend. CXXIX, Paris 18M, p. 1-76. 

8 Teodoresco, B,, Influence des diffSrentes radiations, etc.; cit. Bot. Jahresber, 

27. Jatog.^^90^. la lumidre, etc.; cit Bot Jahresber. Jahrg. 1899, 

"i yachting, H., liber die Abhilngigkeit des Laubtalls von seiner Assimilatlons- 
t&tigk^. Bot. Zeit 1!?.^ mfolge Sinkens des absoluten Lichtgenusses 

(SomSSSkirBen d Bot les. Jahrg. XII. Part 1, 1904, p, 64, 
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“summer leaf fall” in that the lowering of the daily light intensity, follow- 
ing the beginning of summer, brings about a lowering of the (absolute) 
amount of light, for the plant concerned, below the minimum, whereby an 
immediate loosening of the leaves is caused. 

The amount of bloom for each plant depends, of course, upon the 
abundance of the carbon assimilation, hence shaded specimens bloom less. 
Exclusively diffuse light delays the time of blooming and can prevent the 
complete ripening of the fruit, so that the seed will atrophy’. 

There are cases where plants, with a previously abundant assimilation, 
are placed in the shade before their blossoms develop. In the dark, the 
blossoms appear later, as a rule. Their color is paler and at times white; 
their size and amount of substance less and the peduncles not infrequently 
longer^ If however, the leaves are left in the light and only the branches, 
bearing the blossom buds, are darkened, then, according to Kraus^ the 
flowers, with a few exceptions, develop completely. 

We have considered in the previous section the thin-walled condition of 
the cell elements in etiolated plants. 

The Loixung of Grain. 

The lodging of the stalks for a long period effects a loss in quantity 
and quality of the harvest. It is the more dangerous the more the bending 
of the stalk approaches actual breaking over. Investigators were inclined 
earlier to assume one single cause for this lodging until later observations 
determined that very different factors can come into effect and that, ’accord- 
ing to the causes, the breaking over of the stalk takes place sometimes at 
the base in the soil, sometimes close above this point, or higher on the stalk. 

Thus we know now that frost injuries often produce weakening'of the 
stalks which without, or (usually) with the later co-operation of some fun- 
gus, initiates their falling over. Further, eating by insects, breaking from 
the wind, hail, long continued rainfall, not infrequently cause a direct falling 
of the stalks. 

While, however, the majority of the factors named cause a lodging of 
the grain in spots so that stalks remain standing upright between these 
places, the actual lodging most feared by the agriculturalist is the one 
occurring in continuous areas, due to weak development of the bases of 
the stalks. 

L. Koch*, who has definitely shown by experiments that this results 
from a lack of light, produced artificially the phenomena of lodging by 
shading the stalks. The experiments made earlier by Gronemeyer' were 

1 Passerini, N., Sopra vegetazlone di alcune piante alia luce solare dlretta « 
difEusa. cf. Just's Jahresber. 1902, II, p. 628. 

2 Beulaygue, Einfluss der Duckelheit auf die Entwicklung der Bliiten. Bieder- 
mann’s Centralbl. 1902, p. 102. 

3 Kraus, tJber die Ursachen der Forraver^nderungen etiolierender Pflanzen. 
Prlngshelm’s Jahrb, f. wiss. Bot, Vol. VII, p. 209. 

* Koch, Ludwig, Abnorme Anderungeni wachsender Pflanzenorgaoei durch 
Beschattung. ^ 

6 Gronemeyer in Agronom. Zeit. 1867, No. 34. 



thus confirmed. The weakness of the .stalks, wlilch conditions the falling 
over in lodging is found actually in the lower stem members and the second 
intemode (reckoned from the base of the stalk) is the one usually bent over. 

To be sure, the first, lowest stem member is also weak, but, as a rule, it 
is too short to bend over ; on the other hand, the second is the most elongated 
and the least thickened. The cells of this internode in lodged grain show a 
considerable over-elongation and scanty tliickening in proportion to the 
corresponding cells of the normal stem. This deficient thickening is espe- 
cially noticeable in those cells which, in the blade, fill the space between the 
outer membrane and the vascular bundle sheath, and actually conditions the 
firmness of the stalk. 

Lodging of grain, therefore, is produced when the lower intemsdes of 
closely planted grain are insufficiently lighted. Too great shading also acts 
disadvantageously in the very early developmental stages of the plant by the 
over-elongation of the cells and the scanty thickening of the walls, which, 
as said above, takes place u.sually in the second internode from the bottom. 
This bad condition will occur more strongly in the places in the intemodes 
where the leaf sheath surrounds the stalk most closely. .This takes place 
near the base of the stem and the phenomena of etiolation are found most 
clearly and intensively here. 

Formerly a lack of silicic acid was assumed as one reason for the 
lodging of grain. This may now be explained as erroneous, since it has 
been shown by wafer cultures of grain plants, that minimal amounts of 
silicic acid are sufficient to produce a normal plant and since analyses of 
lodged grain, compared with grain which had not lodged, have shown but 
little difference in silicic acid content. In normal plants also, as Pierre has 
shown for wheat and Arendt for oats, the lowest internodes of the stalk 
are the poorest in silicic acid, of which the greatest quantity in any case is 
found in the leaves. These can be 7 to 18 times as rich in silicic acid as 
the lower stem members. 

Connected with the lack of light is the second point, given as a cause 
for lodging, namely, that the disease may be traced to an excessive supply 
of nitrogen in the soil. At any rate, this is one cause inasmuch as a too 
luxuriant development of the leaf apparatus is thus produced, essentially 
increasing the shading. .Such a cause is given, however, by every circum- 
stance which conditions a too thick stand from the seed, i. e., for example, 
too abundant seeding, too abundant water supply, etc. 

Experiments made by Rltthausen and Pott' show the change in the 
maturing of fruit due to different nitrogen fertilizers and the tendency of 
the-plant to lodge. While the grains of summer wheat are well matured with 
an abundant supply of nitrogen but remain small and glassy like the seed, the 
grains from plots not fertilized with nitrogen, lodge after less heavy rain- 
storms. Kreusler and Kern confirmed the above statements^ We may 


1 Landwlrtsch. Versuchsstationen 1873 p. 384. 

2 Centralbl. f. Agrlkulturchemle 1876, 1. p. ■wo. 
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have in pure phosphoric acid fertilization a means of decreasing the dangers 
of a too large supply of nitrogen. At least, the results obtained by the 
above-named authors with wheat and barley showed that a fertilization with 
phosphoric acid alone (Baker guano with 18.97 Per cent, soluble R, O^j- 
resulted in a reduction of the nitrogen content of the grain. 

But, aside from the composition of the grain, which is changed by an 
increased nitrogen supply, the whole amount of the harvest must be taken 
into consideration, which had suffered not a little from a too luxuriant and, 
therefore, too thick and dark a growth of the plant. Experiments based 
mostly on the conditions occurring in practice, since they show the influence 
of shading from the sides, have been cited by Fittbogenh Under otherwise 
perfectly similar nutritive conditions, he shaded barley plants by means of 
a cylinder of rye stalks, fastened side by side and placed around the barley 
plants, and raised it in proportion to the growth in height of the experi- 
mental plant, which was constantly illuminated at the tip. The plants, 
therefore, had light for production but still in insufficient amounts. On 
this account, they produced only about two-thirds as much dry substance as 
plants iUuminated on all sides, in spite of the 4 to 6 weeks longer growth 
which were needed for complete ripening. The dry substance, however, 
was also distributed much less favorably in the different harvest products. 
While, with a normal illumination, 47 per cent, of the dry substance in 
summer barley, as a whole, was found in the grain, and 53 per cent, in the 
straw and chaff, from shaded plants, only 39 per cent, of grain was har- 
vested for 61 per cent, of straw and chaff, and the kernels were also poorer 
in quality. In regard to the water used, it was found that plants shaded on 
the sides, in spite of the at least 6 weeks longer growing time, had used only 
one-tenth more water in the hottest months (July and August). Therefore, 
in the same unit of time they absolutely transpired considerably less than 
the normally illuminated specimens, corresponding to the lesser production 
of dry substances. On the other hand, the plant will have evaporated rela- 
tively a great deal of water for we find, in shaded plants, that more than 
500 g. of water were used per gram of dry substance, while normally lighted 
specimens have respired only something over 300 g. for the same amount of 
dry substance. Therefore, we find, in this vegetative factor, the same effect 
on transpiration as in others (soil solutions, carbon dioxid content in the 
air, etc.) A supply of one vegetative factor kept belotv the optimum, in- 
creases the relative use of water per gram dry substance produced. 

The loss due to lodging will be decreased in many cases by the fact 
that grain possesses the ability to right itself. The process of righting 
consists in the ability of the nodes to show phenomena of growth at a time 
when the internodes have already lignified. According to de Vries’ expla- 
nation^, a new formation of osmotically effective substances takes place in 

1 Vortrag aus dem Klub der Landwirte am 14. Dez. 1875. 

2 De Vries, tJber die Aufrichtung des grela&erten Getreides. Landwirtschaftl. 
Jahrbacher von Thiel. IX, 1880, Part 3. 



66s 


the parenchyma cells of the under half of the node, .which carries out the 
bending, under the force of gravity, because the stalk with its node, is bent 
toward the horizontal. These parenchyma cells attract water. 

However, supported by the investigations of G. Kraus*, we would like 
to assume that no considerable formation of osmotically effective substances 
(acids) takes place, but rather a longer retention of such substances on the 
convex side, as a result of a decreased oxidation of the organic acids. At 
least Kraus proves that as much acid is present on the convex as on the 
concave side in the occurrence of geotrophic and heliotrophic bending. 

The only actually successful precaution lies in thinner seeding, the 
quantity of which must be modified according to the consistency of the soil. 
On sandy soils the seeding must be thicker than on loamy soils, and thicker 
with a poorer fertilization than with an abundant supply of nitrogen. 
Planting with the drill is found to be the most useful because the best dis- 
tributed stand of plants is obtained thereby. 

If, however, the seeding has already taken place and a close stand, 
luxurious development, and moist weather give rise to a fear of a subsequent 
lodging, the attempt should be made to remove a part of the leaf apparatus 
by strong harrowing, rolling, or prudent mowing and uprooting, in order to 
provide a sufficient access of light. 

In regard to cultural regulations, we must refer to the recently pub- 
lished, very thorough work of C. Kraus**, based on experimental studies, 
because the precautionary regulations, according to the different causes of 
lodging here mentioned, must also differ greatly. On general principles, it 
is not only a question of growing strong plants as resistant as possible to 
disturbances in equilibrium, but also to take pains that the plants, me- 
chanically well developed above and below the soil, find the indispensable 
support w'ithin the soil of a properly developed root system. The task of 
breeding now follows these two directions. Even the weather at the time 
of seeding qcts detemiinatively for the position of nodes, regulating essen- 
tially the anchorage of the plant in the soil. According to Schellenberg*, 
the node lies higher if the seed develops in cloudy weather. It is, therefore, 
more advantageous (even for winter grain) when the seeds sprout in clear 
weather. 

In weak stemmed plants, inclined to lodge, there occurs also at tines 
a decay of the parts entirely removed from the light, w'hich causes consid- 
erable loss in the lodging of fodder peas. The sowing of some horsetooth 
maise with these is recommended as a precaution. The peas can climb up 
the stems of the maise and its leaves also furnish good fodder. 

The sowing of gold of pleasure (Camelina sativa) possibly 6 liters per 
hectare, is also recommended to prevent the lodging of peas, sweet peas, 
etc. This plant, which is perfectly hardy, ripens about the same time as 


1 Sltzungber. d. naturf. Ges. zu Halle 1880: cit. BoL Centralbl. 1882, I, p. 107. 

2 .Kraus, C., Die Lagerung der Getrelde. Stuttgart 1908, Eu^n Ulmer. 

» Schellenbeig, H. C., Untersachungen Ober die Lags des Beatockungsknotens 
beim Getrelde. Forsoh. auf d. Geblete d. Landwirtsch. Frauenfeld 1902. 
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peas and the kernels may be easily separated from the peas by sifting, while 
the grain, generally grown with peas (summer rye and oats), is sifted out 
with much more trouble and exhausts the soil more for the following winter 
crop. ' 

Here also, as in grain, breeders are now directing their attention to 
resistance to lodging. The Bulletins' published by the German Agricul- 
tural Society have proved to be most advantageous in this direction. They 
contain the latest results of cultural experiments with the different varieties 
of our cultivated plants. 

Lack of Light as Pkedisposition to Disease. 

When it comes to the attacks of parasites, the mechanical resistance of 
the membranes of etiolated plants will be less. However, the atmospheric 
influences become weaker and their fluctuations, reaching directly the cyto- 
plasmatic cell body, can disturb its functions even if the etiolated plant 
should work in the same way and with the same energy as one which has 
sufficient light. 

The last is, however, by no means the case. 

The first indication of a change in function is found in the moving of 
the chlorophyll grains toward the side walls, in the dark. At the same time 
another significant change begins, viz., the closing of the stomata. Accord- 
ing to Schwendener' this phenomenon, already observed in complete dark- 
ness. also sets in with a sudden decrease in the intensity of illumination. It 
is possibly not a result of the lowering of the temperature connected with 
the decrease of light, for an increase in temperature within the usual fluc- 
tuations causes no opening of this apparatus. Connected with this also is 
the fact that a longer suppression, or reduction of the exchange of gases, 
can bring about changes in the celt contents, due to a lack of oxygen, that is, 
for example, a tendency to the formation of alcohol. These disturbances 
will occur so much, the more easily, the more intense the capacity for growth 
and the greater the need for ventilation. Therefore, very young organs will 
feel this, while old leaves, grown for many years, with a lesser need of light, 
endure longer limitation in the exchange of gases. Nature indicates this 
also by the wall thickening of the guard cells, increased with advancing age, 
which, according to Schwendener, is so strong at times that no further 
opening of the stomata can be possible. 

In regard to lessened transpiration, I found in young seedlings of 
Phaseolus, dependent upon their cotyledons, inch a difference between 
etiolated and normal plants that the former, on an average, transpired in 
the same period of time, 0.21 g. per sq. cm. leaf surface ; the latter, 0.29 g.® 
The production of dry substance in a plant, under otherwise equal condi- 

> Mtttel. dcr Saatzuchtstelle Uber wichtige Sortenverauche 1905-1907 uaw. 

^ Schwendener, uber Ban und Mechantk der SpaltBSnungen. Monatsber d. Kgl. 
Akad. d. Wlss. zu Berlin, July, 1881; cit. Bot Zelt 1882, p. 234. , 

8 Sorauer, Studlen Uber Verdunetung. Aue Wollny's “Eiorschungen auf dem 
Gebiete der Agrikulturphysik." Vol. I, Part 4-5, p. 116. 
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tions, parallels the transpiration. Investigation 'showed that not only the 
absolute production of the young plants was essentially more energetic in 
the light, but that also a square centimeter of leaf surface developed a 
greater amount of substances. A weakening of the light, by means of col- 
ored media, through which the rays must pass, acts similarly to the removal 
of light by placing it in the dark. In yellow light, assimilation and transpi- 
ration are more energetic than in blue light; at least the majority of experi- 
ments favor thish 

The energy of production of plants and also the mode change with the 
decrease of light and this change is expressed, not only in the metamorphic, 
but also in the metabolic structure. 

The well-known experiment of covering leaves in the light with a ■ 
stencil pattern, which leaves free some rather larger surface figures, remov- 
ing the green from these leaves after some days by means of alcohol, and 
then wetting them with iodine solution, is a simple illustration of the action 
of light. All parts of the leaf, which have been exposed to the light, look 
blue because of the action on the starch which had been formed in the light. 
This experiment is of interest inasmuch as it shows how locally limited the 
action of light is. Only the part which had been illuminated formed starch 
and no starch passed over into the darkened, adjacent part. The most 
important thing, according to this, is that the green parts of the plant must 
themselves work over their constructive materials if they should continue 
to live. 

It has been mentioned already that the mobilized reserve substances 
pass into the young, entirely darkened shoots a certain distance from the 
tubers and seeds. If the distance is too great, however, the shoots finally 
die from starvation. They breathe up more respiratory material than they 
receive in the form o'f sugar, etc. Some of Miiller-Thurgau’s'* experiments 
show, for example, that the starch, when dissolved, passes over into sugar, 
which is u^d up partly for construction and partly in respiration. Grape 
leaves, which contain 2 per cent, sugar and as much starc*h, were cut off and 
their petioles .put in water. The container was set in a room at zero de- 
grees. Nine days later all trace of the starch had disappeared. Since the 
respiration of the grapevine, however, at zero degrees is very slight, the 
sugar, produced by the solution of the starch in the dark, cannot have been 
used up in respiration and must, accordingly, have accumulated m the leaf. 
As a fact, investigation shows 4 per cent, sugar in the leaves. 

Thus, placing in the dark will promote the formation of sugar in the 
organs as’against the formation of starch. If, as is frequently the.caje in 
growing plants out of doors, an actual temperature decrease takes place 
with the decrease in light, it means a blocking of sugar in the assimilatory 
tissues. 


r Compare Hellrlegel, Beitrag^ p. 
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Anyone who has cultivated fungi in nutrient solutions knows, however, 
how favorably a supply of sugar acts on the development of many parasitic 
fungi. 

Cloudy, cool days, therefore, not only weaken the assimilation in the 
green parts of the plants but, at the same time, by reducing the respiratory 
processes, bring about an accumulation of sugar in the leaf cells and, there- 
fore, make possible the production of a more favorable substratum for 
parasites. 

The acid content of the various plant parts is also very different in 
the dark from that found when the organ is favorably illuminated. 

The observation, that many plants (Crassulaceae) taste sour at night' 
but not noticeably so during tlie day^ is very odd. In etiolated plants, Wies- 
ner could recognize an abundance of organic acids’ in the leaves of many 
monocotyledons, and later De Vries observed* that the stems of etiolated 
dicotyledons are strongly acid. When illuminated, the rich sugar content 
disappears. This has been, at least, especially proved for the Crassulaceae, 
in which, in the night, De Vries could determine a rich acid formation only 
when the plants had been abundantly lighted during the day, but, if the 
supply of light was limited to a few hours, the acid content in the night was 
correspondingly less. 

An increase of warmth increases also the decomposition of the acids in 
the dark. Cooler nights lead to the storage of acid. 

De Vries has proved this directly by experiments’. It is evident, how- 
ever, from tlie fact that the loss of acid becomes less with each successive 
day of shading, that the disappearance of the acids is connected with the 
supply of material for the formation of acid which has been worked over 
in the light. 

Plants, therefore, constantly produce acids and the more energetically 
the stronger growing the organs arc. With light, the acids are oxidized as 
fast as they are produced; in the dark, they are stored up. On this account, 
etiolated plants are' relatively rich in acids. The suppression of the inflor- 
escences increases the content of free acids in^thc leaf. The acid content 
in the roots is also subjected to great fluctuations and, according to Chara- 
bot", in plants cultivated in the shade it is, in fact, larger than in the leaves. 
In general, this acid content is greater in etiolated plants. 

This accumulation of acids in and of itself can oiler those fungi, which 
decompose adds, the possibility of colonization and luxuriant development; 

1 Heyne und Link in Jahrbuch der Gewacbskunde von Sprengel, Schrader und 
Link, 1819, p. 70-73. 

2 Ad. Mayer, "Cber Sauerstoffausscheidung usw. Verhandl. d. Heidelherger 

naturf. Geaellsch. 4-8, 1875. Landwlrtsch. Versuchsstat. 1875. Vol XVIII. d 410, 
Vol. XXI, p. 277. . . - 

8 -wiesner, Sitzungsher. d. K K. Akad. d. Wissensch. I, April, 1874. Vol. 69: 
cit. Bot. Zeit. 1874, p. 116. . , 

* D® Vries, tJber die Bedeutung der Pflanzensauren fUr den Turgor der Zellen. 

periodische Siurebildung der Fettpflanzen. Bot. 

Zeit. 1884, Nos. 22 and 23. 

® Bot. Zeit. 1884, p. 340, 

Herbert, A., Recherches eur Tacidit^ v6g6tale. Compt. rend. 
iyu4, lxaXVIII, p. 1714, 
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however, an excessive increase of turgidity in the tissue can be ascribed to 
this since, according tolDe Vries, it is especially the plant acids which condi- 
tion the turgidity of the cells. 

The experiments of Viala and Pacottet* on black rot (Gutgmrdia 
Bidzvellii) show how very determinative this acid content can often be. 
Infection experiments in young berries are successful only so long as the 
acid content exceeds the sugar content. Not onlv the content in organic 
acids is increased but also the indifferent ash material is changed by the 
changed absorption of nutrition. This is shown by Andre’s experiments® 
He tried to excite etiolated plants to unusual activity 'by increasing the tem- 
perature (30 degrees), but found only an unusual increase in the absorption 
of silicic acid, with an exclusion of other mineral elements. 

The decomposition and counter building of the proteins in the plant 
cell* also stand in the closest connection with the above described processes 
of the formation and oxidation of the carbohydrates. 

In the germination and sprouting of buds on branches, roots and tubers, 
we find products of the decomposition of proteins which are similar to those 
of artificial protein decomposition, i. e., asparagin, glutamin, leucin, tyrosin, 
occur in very large amounts. According to Borodin’s investigations* these 
amido compounds occur more abundantly, the fewer the elements present 
which are free from nitrogen (especially the grape sugar) and which can 
be used for the breaking down of the proteins. 

Since in etiolated plants, as well as in others grown in the light but in 
air free from carbon dioxld, the new production of carbohydrates is sup- 
pressed and since these are used up by day in respiration, an accumulation 
of asparagin will take place. Among the more recent observers, we will 
mention Zaleski (cf. next page) who found an increase of asparagin in 
seedlings of Allium Cepa. The above mentioned work by .Schulze and 
Castoro' should be especially considered, from which it is seen that, for 
example, in etiolated seedlings of Lupims Albus the content in protein 
substances decreases; that in aspafgin constantly incrctises. Tyrosin and 
leucin decrease. 

As a matter of fact, E. Schulze found more than half of the whole 
nitrogen content in 20 <lay old etiolated lupin seedlings in the form of 
asparagin". If now the nitrogen free part of the protein molecule is used 
up in respiration and no new' elements, lacking nitrogen, are present to 
reconstruct normal protein in the protoplasm, the cell will undergo the most 

1 Vlala P., et Paoottet, P., Sur le devetoppement du Stack Rot. Compt. rend. 
1904. CXXXIX, p. 152. 

2 AndrS, G., Wirkung der Tempcratiir auf die Absorption der Mlneralstolte bet 
etlolierten Pflanzen. Compt. rend. 1902; cit. Biedermann’s Centralbl, f. Agrikul- 

1903 P&rt 2 

« Pfeffer in Jahrb. f. wissensch. Bot. 1872, Vol. 8, p. 548. Tagebl. d. Naturf. 
Vera. z. Wiesbaden. 

* Bot. Zeit. 1878, p. 802 ff. 

0 Schulze. E, und Castoro, N., Beltrage zur Kenntnis der Zusammensetzung u. 
des Stoilwechsels der Keimpflanzen; cit. Bot. CentralbL 1904, Vol. XCVI, »p. 540. 

« Schulze, E., tJber den Eiweissumsatz *im Pflanzenorganismus. Landwirtsch. 
Jahrbiicher. 1880, p. 1 - 60 . 



670 


extensive disturbances. It is probable that a further decomposition will 
introduce phenomena of decay which produce the best nutrient substrata for 
parasites and saphrophytes. The asparagin is worked up well by the fungi 
in the presence of sugar. Vogel* found in tlie germination of moistened 
cress seed that hydrogen sulfid was produced in the dark, while, in check 
experiments, in lighted places, the lead paper showed practically no change. 

A different process may prevail in the leaf parenchyma from that in 
the leaf veins. In young Dahlia plants Borodin* proved the presence of 
saltpetre in the veins and in the petioles, but large amounts of tyrosin and 
no saltpetre in the leaf parenchyma. Here the tyrosin may well be no 
analytic product 'but rather a synthetic one; for if the young shoots of 
dahlias become etiolated, no tyrosin is formed, but asparagin, which does 
not appear when the plants are grown in the light. 

At times, at any rate, an increase in proteins is found in the dark but it 
is then caused by the very abundant carbohydrates at the plant’s disposal in 
the stores of reserve substances, as Iwanoff* has shown, for example, for 
Allium Cepa. If carbohydrates are present, the leaves, even in the dark, 
can change the nitrate nitrogen into protein nitrogen, as Zaleski* found in 
the leaves of Hclianthus, which had been placed in a nutrient solution con- 
taining nitrates and sugar. 

We have stated here simply a series of facts which show the natural 
changes in the plant body due to a lack of light. These explain sufficiently 
the decreased power of resistance of the shaded plant parts through atmos- 
pheric influence, as well as parasitic attacks. 


1 Vogel. Kin .auftalliger TTnterschled zwischen Keimen am Tageslicht und im 
Dunkeln; cit, Bot. Jahrosber. 1877, p. 675. 

* Sitsjsungsber. d. Bot. Sekt Petersbui^. Naturf. Ges. 1881; clt. Botan. Zeit. 
1882; p. 589. ^ ; j *i 

8 iwanoff, M.. Versuche tiber die Frage, ob in den Pflanzen bei Lichtabschluss' 
Eiwelssstoffe sich bilden. Landw. Versuchsstatlonen 1901, p. 78. 

Bedlngungen der Eiweissbildung in den Pflanzen. Cbarkow 
1900 (Russian) ; cit. Bot. Centralbl. 1901. Vol. 87, p. 277. 



CHAPTER XIV. 
EXCESS OF LIGHT. 


According to the discoveries, already made in great numbers, on the 
influence of heat on the different vegetable processes, it must be supposed, 
from the outset, thapnot only does a minimal limit exist for the action of 
light, but that also a special degree of illumination exists in each plant for 
each process and for each combination of the vegetative factors, which can 
be termed the optimum. The exceeding of this degree introduces a retro- 
gression in production. In fact, the observation has already been made for 
a number of plants that, if the light is increased above a certain amount, 
the assimilation, perceptible in the elimination of oxygen, does not increase,, 
but remains stationary', or indeed may decrease'. A normal carbon dioxid 
content in the air is presupposed in this, for even when the air contains too 
large an amount of this element, the elimination of oxygen retrogresses, as 
has been proved already by Boussingault and, later, by Pfeffer’. An 
optimum illumination may be seen in the appearance of the plant since this 
loses its deeper green color, with a considerable increase in the intensity of 
light above the optimum ; then it as.sumes a yellowish color. • 

That the dark green leaves of camellias show a yellowed condition. 
when moved from the conservatory into sunny places out of doors, is well 
known. The camellia is a Japanese plant which grov.^s under trees. It is 
content with small quantities of light and, with the strong rays of our 
summer sun, soon loses more chlorophyll through oxidation than can be 
formed by the process of reduction. The breaking down of the chlorophyll 
by the taking up of oxygen (taking place also in the dark in the presence of 
bodies which easily take oxygen from the air and form ozone. Turpentine 
oil) is known to be connected with different groups of rays. According to 
Wiesner, the yellow rays, and the green and orange ones on both sides of 
them, show the greatest energy in the breaking down of the chlorophyll in 
the light. 

Another example of vellow leaves with a high intensity of light is 
offered by' some varieties of coleus with yellow variegated leaves. These 


r Retake. K, Untereuchungen Uber die ^mvirlonigei. dee Uchtes auf die Sauer- 
Melt’d" Bot. Ccntruib,. 18S0. 

A Ww. Arbelten d. Bot. tastltute zu Wdraburg, ed. by Sacha, Part 1. 
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produce leaves which at first unfold as green leaves and later, when they 
become old, become light yellow in places. In the same way, many yellow 
garden varieties of woody plants only become a bright yellow with strong 
insolation ; in the shade they remain green. 

Ewart^ observed in tropical plants a complete bleaching of the chloro- 
phyll grains as a result of an excess of light. If the light stimulus increases 
above the specific optimum, the optimal and maximal development of gases 
at first continues for a short time, but then follows a condition of exhaus- 
tion”. If this excessive stimulation does not last too long, the pl?nt can 
recover its normal activity. This over-stimulation can also occur under 
our normal light conditions, if the plant, by nature, belongs among shade 
plants. Weiss” cites a fine example of this in Polypodium vulgare, a de- 
cided shade plant, as contrasted with Oenothera biennis which is distinctly 
a sun plant. With a favorable temperature, the latter produced about 
three times as much carbon dioxid in direct sunlight as in diffuse light ; 
while the former assimilated more energetically in diffuse light. Diffuse 
daylight can, in fact, act to arrest the growth of roots which are accustomed 
to the dark, as Kny found in lupines, cow beans, and water cress*. In this, 
he observed in lupines usually a decrease of growth in thickness and a 
retarding of the development of the central cylinder, if the growth in length 
increased. 

The works of Dixon, Dixon and Wigham, Joseph and Prowazek, Max 
Koernicke and Hans Molisch' prove a very decided arrestment of growth 
from the use of Rontgen and radium rays. 

An abnormal thickening and a wrinkled surface were observed in pea 
roots, which could be traced, apparently, to differences in internal tension. 
Contractions are produced by the increase in the radial diameter of the cells 
of the inner bark parenchyma, together with a shortening of the longi- 
tudinal diameter. It w>as found in other experiments with vetches and horse 
beans that the roots turned brown and their growth was arrested. But 
after 8 to to days they grew further, after having thrown off the outermost 
tips in the form of brown caps, and formed new root tips directly behind 
these. Normal lateral roots were produced immediately. The arrest of 
growth is less in organs containing chlorophyll. In seedlings a cessation in 
the growth in length has been observed but no dying back. The leaves 
became somewhat smaller than in normal specimens. Dixon® could not 

1 Kwart, A. J.. The effects of tropical insolation; cit. Just’s Jahresber. 18D9, 

I, P. 87. 

2 Pantanelli, Enrico, AbhSnglgkeit der Sauerstoffausscheldung belichteter 
Pflanzen yon aiisseren Paktoren. Jahrb. f. wiss. Bot 1903, Vol. XXXIV, p. 167. 

3 Weiss, Ft., Sur le rapport entre I’intensit^ lumlneuse et I’finergie asslmilatrice *• 
chez les plantes appartenant h des types biologlques diff^rents. Compt." rend. Paris 
CXXXVII, 1903. p. 801. 

4 Kny, L., tJber den Einfluss des Llchtea auf das Wachstum der Bodenwurzeln. 
Jahrb. f. wiss. Bot. 1902. Vol. 28, p. 421. 

5 Seckt, Hana. Die Wirkung der Rbnteen- und Radlumstrahlen auf die Pflanze. 
Sammelreferat. Naturwlsa. Wochenschrift, 1906, No. 24. 

• Dixon, Henry, Radium and plants. Nature, London LXIX; cIt. Just’s Bot. 
Jahresber. 1903, 11, p. 667. * 
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find heliotropic curvature in young cress seedlings at a distance of one cen- 
timeter from a glass tube containing 5 g. of radium bromid. 

In bright sunlight, we find that parts of the plant often not only become 
yellow but even turn brown and die’. That this dying is a specific light 
action and not a result of too great an increase in temperature is proved by 
the fact that the chlorophyll remains unchanged” in temperatures varying 
from 30 degrees below zero to 100 degrees above aero and, on the other 
hand, that the destruction takes place with rays of shorter wave length 
which influences most of all the processes of growth and protoplasmic 
movement. 

The rays of a concentrated sun image, which have passed thrmigh 
ammoniacal copper oxid often cause death after a few minutes, while the 
same amount of light, after passing through a solution of iodine in carbon 
disulphid (which lets only the outermost red rays pass through) scarcely 
causes any destructibn, or only a very' tardy one’. In this red light, how- 
ever, an extensive warming takes place, but not in the blue light. 

Among the phenomena arising from an excess of light belongs also the 
production of shadow pictures, i, e., intensive green pictures of overshad- 
owing organs on a strongly lighted leaf surface. No destruction of the 
chlorophyll apparatus necessarily takes place here, only a change in the 
position of the chloroplasts is produced. 

Observations, made by Buhm, Famintzin, Borodin, Stahl and Frank, 
proved that, in sunlight too high for the special need of the plants, the 
chlorophyll grains begin to move from the cell walls, parallel to the upper 
surface of the leaf, towards the walls at right angles to them. The chloro- 
plasts pass from the epistrophe to the apostrophe and thereby bring about 
the lighter color of the too strongly lighted part. 

A further observation which can be made easily is the appearance of a 
re* color with too strong lighting in the green leaves of plants which turn 
red in the autumn, as, for example, when the under sides of sweet cherry 
leaves are turned uppermost. In the same way, a decided brownish red 
color may be found in many plants, especially in those with fleshy leaves, 
when brought in spring from the shaded conservatories into an open, sunny 
place. Molisch’ has investigated such cases. He proved in Aloe and 
Selaginella that anthocyanin is not formed in the cells hut that the chloro- 
plasts themselves turn red and become green again when put in the dark. 
In some varieties of Selaginella, red or brownish red chloroplasts were 
observed, colofed by carotin, especially above a place where the stem had 

broken. . ^ 

The process most important agriculturally and most significant 

hygienically, however, consists in the destructive action of the sunlight on 


^ -m Schutza des Chlorophylls. 

Festschrift; clt. Bot. .Tnhresher. Isp. p. (28. 

:M,^‘^.,^ttr\oT^"r!el;ei^Ko«.hu.« Chlorophyllhemer in 

taubbiattem. B. der Deutsch. Bot. Ges. 1902, HA. p. w. 
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pathogenic fungi and especially on bacteria. Pfeffer‘ says, “It seems that 
all pathogenic bacteria are killed by a sufficient exposure to sunlight.” 

That artificial light acts in the same way as sunlight is proved, for 
example, by the experiments made by Dixon and Wigham^ with radium 
rays. Cultures made with Bacillus pyocyaneus, B. typhosus, B. prodigi- 
osus and B. anthracis showed that the ,5 rays of radium bromid called forth 
a perceptible arrest of growth. After fi mg. of radium bromid had acted' 4 
days on tlie bacteria, at a distance of 4.5 mm., their growth, at least, was 
stopped, if they were not all killed. 

1 Pflanzenphysiologie, 2d ed.. Part II, p. 319. 

2 Dixon, Henry H., and Wigham, J., Action of Radium on Bacteria. Nature 
London LXIX; clt. Just’s Jahresbcr. 1908, II. p. 567. 



SECTION III. 


ENZYMATIC DISEASES. 


CHAPTER XV. 


DISPLACEMENT OF ENZYMATIC FUNCTIONS. 


General Discussion. 

Present investigations tend to the theory of perceiving, in the majority 
of metabolic processes, the action of enzymes. . We would like to divide 
these enzymes into two groups, according to their activity, which may be 
called constructive and destructive. In the process of formation of the 
vegetative organism, we observe in germination, i. e., in the preparation for 
the vegetative development, a prevalence of the destructive activity since 
the reserve substances are dissolved and carried over into usually instable 
groups of substances, capable of being transported. The activity of the 
vegetative apparatus leads gradually to the precipitation of reserve sub- 
stances and we terra this activity constructive. Its final goal may be recog- 
nized in the maturation of the seed. 

From this may be perceived an antagonism in the occurrence of the 
most important material groups, which antagonism may be determined by 
the fact that, in abundant deposition of starch, the sugar content, as well 
as the amount of tannin and of organic acids, decreases. If, on the other 
hand, sugar, tannin and acids are abundantly present, the precipitation of 
starch remains small. If the amount of starch is large, the formation of 
the proteids in the cell from asparagin or other nitrogenous compounds is 
abundant. In the preponderance of sugar and acids, the nitrogenous com- 
pounds remain in an instable form. I would like to contrast this condition 
of the plant parts as "immature,’’ with the “mature” condition which is 
distinguished by an abundance of reserve materials. 

The different factors of growth that influence constantly the plant 
body sometimes let one group of enzymes prevail, sometimes another. It is 
not necessary that the enzymes be destroyed. Their action need only be 
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temporarily arrested. Pozzi-Escot.^ furnishes an example of this when dis- 
cussing the Philothion. “Reductases," he thinks, which are identical with 
Loew’s catalase, "are distributed everywhere like oxydases, and act antag- 
onistically” . . . De Rcy-Pailhade has proved that reductases are 
quickly destroyed by an oxydase in the presence of free oxygen, and, con- 
versely, Pozzi-Escot proves that, under certain circumstances, the action of 
an oxydase can be "paralyzed,” when the reductase is present in great ex- 
cess. Thus, in temporary fluctuations in the cell contents, a reductase can, 
for the moment, make the oxydase ineffective, and conversely. Pozzi- 
Escot perceives the most important role of the reductases to be their action 
on H, Oj in the processes of respiration as well as in photo-synthesis. 

Antiferments occur in other cases, as Czapek’, for example, has dem- 
onstrated. He found an arrestment in the further oxidation of the homo- 
gentisin acid, originating from tyrosin, in organs stimulated geotropically 
or heliotropically by the presence of an antiferment. 

In general, we perceive from the results of cultivation and some experi- 
mental investigations, that light and heat favor catabolism, i. e., disposition 
of groups of solid reserve material, while darkness and cold either maintain, 
or cause an increase in the amount of colloidal food materials. 

Under normal climatic conditions, the time at which prevailing condi- 
tions in the cell contents exhibit the conditions characteristic of the 
destructive activity, lies actually in the colder seasons of the year. We 
find processes of germination especially in autumn and spring, but, on the 
other hand, constructive activity, i. e., the deposition of reserve materials, 
in the summer. 

The necessary regular succession of these periods depends, however, 
not only on the weather but also on all the nutritive factors, as, for example, 
the supply of water, the amount and constitution of the nutrients, and, 
besides this, on differences in cultivation, viz., pruning, etc. A number of 
diseases offer examples for the last point, i. c., when the organism is com- 
pelled, by the sudden removal of considerable amounts of the plant body 
(branches and leaves), to mobilize again the stored material at S time when 
the period of storing should prevail and, thereby, to return to the vegetative 
period for the formation of new shoots. In regard to the supply of food 
we find, for example, that e-xcessive amounts of nitrogen postpone the 
period of storing up reserve materials since growth is continued beyond 
the normal size. 

Thus, the enzymatic work is postponed; the mobilizing enzymes now 
prevail and the plant, with organs in active growth, enters upon a period 
of weather which, in the normal course of events, demands mature plant 
parts, rich in resen'e materials. It becomes, therefore, susceptible to para- 
sitic and non-parasitlc attacks. 

1 Pozzi-Escot, E., Thfe Reducing Enzymes. American Chem. Journ., Vol. XXIX, 
1903, p. 517; cit. Bot. Centralbl. 1904. No. 49. 

2 Czapek, F., Antifermente im Pflanzenorganismus. Ber< d. Deutsch. Bot. Ges. 
1903, Vol. XXI, p. 229. 



It is, however, not only the momentary displacement of the enzymatic 
functions which can act disadvantageously on the organism, but the number 
of subsequent phenomena must necessarily be connected with it, which will 
manifest themselves only in the next generation. If, for example, we keep 
in view the lengthening of the period of growtli, induced, as experience 
shows, by an excess of nitrogen, the immediate result is that the production 
of seed, which normally occurs at the ireriod of the greatest amount of heat 
and light, is carried over into a cooler time when the light is poor. The 
seed thus produced, therefore, docs not have sufficient time and proper 
climatic conditions to carry on all the processes necessary for the formation 
of reserve materials. The seed is harvested in a condition in which the 
mobilizing enzymes are still considerably active and it, therefore, is suscep- 
tible to attacks by parasites affecting the fully matured seed. It has been 
proved experimentally that immature seed is destroyed more quickly by 
moulds. Even if the immature seed is not destroyed, and develops the 
following season, the plant thus produced will necessarily be influenced in 
its first growth by the greater amount of water content in the seed and the 
lesser amount of resen'e materials. In this connection the following gen- 
eration is the product of the preceding one, and, therefore, will reproduce 
by inheritance conditions of weakness. 

Everything that is true of the seed, must also hold good for all other 
permanent organs. The bud and the maturation of the branch are, in the 
same way, the product of the preceding period of growth and the manner 
of their further development depends primarily on the degree of maturity 
to which they attained in the previous year. 

Displacements of the enzymatic functions, therefore, are continued 
from one period of growth to another and the diseases, subsequently 
described, are examples of the inheritance of physiological disturbances. 

Albinism (Variegation). 

The phenomenon, sought by gardeners and propagated by grafting 
(which may, in fact, be carried over to the stock), manifests itself in the 
whitish appearance of places which sometimes have a circular form in the 
diachyma (mesophyll), sometimes appear as wedge-shaped stripes between 
the ribs, and sometimes as connected zones along the edge of the leaf. The 
intensity of the white coloration varies. The most diverse transitions from 
the purest white to quince yellow are found, which in many plants give still 
further color shades because of the occurrence of reddish tones. In this 
way is produced the phenomenon called variegation, 

A veiy well-known example of tliis white spotted condition is found 
in the ribbon grass of our gardens (Phalaris arundinacea L., PMaris picta 
L.), in which the white parts occur alternately as stripes between the veins. 
A toy species of the ash leafed maple (Acer Negundo L.) is still more 
striking. At times this shows perfectly white foliage. The family of the 
Aroideae might be named as examples of the occurrence of variegation as 
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well as of white coloring. Among these, the calla, frequently cultivated in 
the house [Zantedeschia aethiofiica), shows leaves which often are as pure 
white as the funnel-shaped blossom sheath. The bright colored calladia, 
greenhouse favorites, are related to the Zantedeschia. Among them a few 
are only specked with white, others have white and red spots, and many 
finally only red spots. 

The white spotted condition of the flowers and the more rare albinism 
of fruit are difficult to distinguish. Of the latter, Dufour' has described 
interesting cases in grapes. 

There prevails, especially in practical circles, an earnest hesitation in 
accepting the theory which ascribes the white variegated leaves to the 
phenomena of disease. Yet, wcfielieve that this opinion must be defended. 
If we investigate a considerable number of plants with variegated leaves, 
we find all gradations in the cells from the normal chloroplasts to the entire 
disappearance of the chloroplastids. The parts of the plants which appear 
yellowish often have chloroplasts which appear as yellow, sponge-like balls 
or discs in the cells ; the purer white the plants are, the fewer are the even 
colorless chlorophyll bodies; and the more the cytoplasm assumes the ap- 
pearance of a soft, uniform wall lining. The intercellular spaces contain 
more air and at times are larger. 

The assimilation of carbon dioxid also ceases with the disappearance 
of the chloroplasts. Cloez® and later Engelmann“ found that the leaves 
assimilate carbon dioxid only in proportion to their chlorophyll content. 
The different gradations in the yellow variegation arise from lesser quanti- 
ties of the same chlorophylline and zanthophyll, than occur in the normal 
green leaves* and their assimilatoiy' activity is in accordance with this. 

In pure white leaves the chlorophyll does not form and the chloroplasts 
are poorly developed. In the yellow forms, chloroplasts are found at least 
in the bud and often later but the degree of degeneration of the chloroplasts 
depends on their proximity to the pure white zone. The analyses given by 
Church' serve as a good confirmation of this. He used white variegated 
forms of maple {Acer Negundo), Ivy (Hedera Helix) and Holly {Ilex 
aquifolium) : 

Acer Ilex Hedera 

They contained white green white green w'hite green 

leaved leaved leaved leaved leaved leaved 

percent, percent, per cent, per cent, percent, percent. 

Water 82.83 72.70 74.14 62.83 78.88 66.13 

Organic substances 15.15 24.22 23.66 35.41 18.74 31.63 ' 

-■^sh 2.02 3.08 * 2.20 2.47 2,38* 2.24 

1 Defour, J., Panachierte Trauben. Extr. Chronique aerie, du canton de Vaud; 
cit. Zeitschr. f. Pflanzenkrankh. 1904, p. 286. 

2 Compt. rend, L/VII, p. 834. 

3 Engelmann, Farbe und« Assimilation, Bot. Zeit, 1883, Nos. 1 and 2. 

* Kranzlin, G,, Anatomische und farbstoffanalytlsche Untersuchungen an 
panaehlerten Pflanzen. Inaug.-Diss. Berlin 1908. 

6 Church, Variegated leaves. Gardeners’ Chronicle 1877, 11, p. 586. 
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The green leaves show, therefore, in contrast to the white spotted ones, 
considerably greater amounts of drj' substances, while in the latter the ash 
constituents (as found universally where disturbances in nutrition make ' 
themselves felt) form a greater percentage of dry substance. The nitrogen 
content in the white leaves of the ivy and the holly was greater in propor- 
tion to the dry substance. This result is also explicable ; for, if the chloro- 
phyll apparatus, without doubt necessary for the production of starch 
grains and other carbohydrates, is only scantily present, the amount of dry 
substances is reduced and the absolutely smaller amount of substances con- 
taining nitrogen appears relatively increased. The fact that the substances 
soluble in alcohol and ether in the white leaves of ivy and holly amount to 
about half that in the green leaves likewise may not be considered surprising. 

The percentages in the composition of the ash are very important. 
They are as follows : — 

Acer Ilex Hedera 

white green white green white green 
per cent, per cent, per cent, per cent, per cent, per cent. 


Potash 45.05 12.61 35.30 16.22 47.20 17.91 

Lime 10.89 39-93 2i-5o 34-43 12-92 4!^-55 

Magnesia 3.95 4-75 3-23 2.43 i.ii 1.04 

Phosphoric acid. . . 14.57 8-80 9.51 7.29 10.68 3.87 

Iron oxide ? ? 3.11 3.11 2.62 2.31 


It is evident from these figures that organs without pigmentation 
approximate the condition of young green leaves and have, therefore, failed 
to develop in a normal manner. Griffon' has come to the conclusion that 
plants without pigmentation behave in general like etiolated ones, which we 
have also compared to arrested development. In the yellow transitional 
stages the results of variegation are very different. In. Abutilon Thomp- 
soni I found the cell content in many leaves still arranged as in perfectly 
green parts, i. e., provided vvith chloroplasts, their edges roundish angular, 
which were nonnally arranged against the walls but were a pale yellow, or 
colorless, and had a strongly granulated content. In other cells the sub- 
stance of the chloroplasts was united into irregular 'granular balls which 
took on a blue color with iodine, glycerine, and in part afSo with sulfuric acid 
and which might be called carotin. KobP also found carotin (etiolin), in 
the investigation of golden yellow leaves, besides /?-zanthophyll and 
phyllofuscin. 

The difference in the thickness of the leaf, i. e., the noticeably lesser 
thickness of the pure w'hite parts in contrast to the pure green parts, 
decreases the more the color tone varies from the pure white, i. e., the more 
yellow the places in the leaf become. Timpe^ also calls attention to this 


1 Griffon, Ed., L'assimilation chlorophylliennc ct la coloration des plantes. 
'^"fkohrP.''G“'3oUuchunxcn’'^^^^^ physlologiaehe 

zurKlnnS™dJ^PauachWrun& Dlssertat, Gtitting^n,, 


1900. 
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circumstsnce and lays emphasis on the fact that the slime cells are fewer 
in the non-pigmented parts of plants which bear the mucilage cells (Ulmus, 
Crataegus). On the other hand, the content of tannin in the white parts is 
usually proved to be greater. Starch is found rarely but, according to 
Timpe, in a sugar solution ismften formed more abundantly by the non- 
pigmented places than by the green ones. Monocotyledons store up no 
starch ifi a sugar solution. 

It is stated by other authors that the pure white places contain no starch 
since assimilation does not take place there. These apparent contradictions 
are explained by the transitional stages to a golden yellow color which, 
indeed, contain no chlorophyll but have zanthophyll and carotin and elim- 
inate oxygen in' the light (like etiolated leaves)*. 

An interesting fact is tliat in many plants a lack of pigmentation may 
be communicated to the stock by grafting. Meyer‘ reported experiments 
of this kind with positive results as early as 1700-1710 with Jasminum 
officinale. “If a branch of Jasminum with variegated leaves is grafted on 
the healthy trunk of the safne Jasminum, the other branches above and 
below the scion likewise bear variegated leaves.” Later Lindemuth^ and 
recently Baur^ have studied the question especially. Baur has advanced the 
theory that the yellow forms may be considered to be sport varieties, or 
mutations, which in part persist in the seed. The pure white, however, 
should be distinguished from these as examples diseased by infection.. At 
any rate, the infecting body may be no living creature, but an unknown 
material something, a virus which can increase in amount within the dis- 
eased plant. This virus can be a metabolic product of the diseased plant 
which is able to infect the young chloroplasts in such a way that they cannot 
develop tc normal organs, but to malformations in which then the same 
virus is formed anew. However, it may be a metabolic product of the 
diseased plant which, in a certain sense, has the capacity for growth, i. e., 
can split off substances 'from other compounds identical with it, or can 
synthetically construct new substances of this kind*. 

This line of thought has already been expressed in a more precise form 
by Pantanelli', and later supplemented. He says“, "the albinism is not an 
infectious disease, but a constitutional one, the first sign of wdiich occurs -as 
an abnormal accumulation of destructive and primarily oxidizing enzymes.” 
“The substances, causing the destruction, spread through the leptome 

• Kohl, loc. cit. 

1 Meyen, F, J. F., Pflanzenpathologie, Berlin, 1841, p. 288. 

2 L/indemuth Vegetative Baatarderzeugung: durch Impfung, Landwirtschaftl. 
Jahrbucher 1878, Part 6. Gartenflora 1901, 1902, 1904. 

* Baur, Erwin, Zur Aetiologie der infektidsen Panachierung.. Ber. d. Deutsch. 
Bot. Ges. 1904, Vol. XII, p. 453. Further statements on the infectious chlorosis of 
the Malvaceae and other similar phenomena in Llgiislrum and Lahumum. Ber. d. 
Deutsch. Bot. Gea. 1906, Part 8, p. 416. 

Baur, E., ttber die infektiose Chlorose der Malvaceen. Sitzungsber. d. Kgl. 
Preuss. Akad, d. Wiss. January 11th, 1906. 

^ Pantanelli. E., Studil su ralbinlsmo nel regno vegetale. Malpighla. VoL 
XV-XIX (1902-5). 

® Pantanelli, E., t)ber Albinisraus in Pflanzenrelch. Zcltschr. f. Pflanzenkrank- 
heiten 1905, p. 1. 
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bundles, either because of an energetic influence due to adjacent and com- 
municating protoplasts, or of a material transportation by means of sieve 
tubes and analogous elements throughout the entire body; they reach at last 
the developing petioles and then the main ribs of the leaves. Here thev 
influence all the parenchyma cells with which they are connected clearly 
more energetically or because of a poor nutritive provision and removal." 
The transference of the phenomena from the scion to the stock, therefore, 
comes about if, in grafting, the leptome copnection in the two component 
parts has been established. 

This theory is based on experimental studies. It has been proved by 
chemical investigation that the* protoplasm and plastids „ are gradually 
attacked by abnormal formations of strongly destructive enzymes and 
digested by them.” In some intensive cases of albinism no accumulations, 
however, of inorganic, or organic substances, or sugar, may be proved. 

A determination made by Pantanelli on Ulmus leaves throws light on 
the behavior of the nitrogen compounds. He pulverized green and non- 
pigmented leaves with the necessary precaution and let the pulp stand 8 
days in a cylinder. The original amount of water in the green leaves 
averaged 60.67 cent., that in the non-pigmented leaves of the same tree, 
at the same time, 73.8 per cent. 

The green leaves contained (in percentages of the dry weight). 

In the beginning After 8 days 


Nitrogen as a whole 3.355 per cent. 3.3250 per cent. 

Proteid nitrogen 3.324 “ 0.9212 " 

Non-proteid nitrogen 0.031 “ 2.4050 “ 


Non-pigmented leaves contained (in percentages of the dry weight) : 

In the beginning After 8 days 


Nitrogen as a whole 2.681 per cent. 2.576 per cent. 

Proteid nitrogen 2.274 “ 0.604 . “ 

Non-proteid nitrogen 0.407 “ 1.972 


Autolysis in the sap of the variegated leaves is, therefore, compara- 
tively more expensive than in the green ones. The amount of nitrogen in 
non-pigmented organs is considerably less, but the percentage of non-proteid 
nitrogen compounds is greater. The richly abundant phosphoric acid must 
be present in some other combination since lecithin cannot be formed nor 
the chloroplast be developed. Also, according to Pantanelli’s investigations, 
an enzyme which breaks up the starch seems to be present more abun- 
dantly in the variegated leaves than in the green ones, at least when they are 
young. 

In the second edition of this manual (p. 195)1 1 already referred 
to the nitrogen poverty of the non-pigmented parts and there expressed 
the following opinion: — in the normally nourished leaf cell so much cyto- 
plasm is present that not only material can be furnished for the develop- 
ment of the cell wall, but the chloroplasts can also be produced abundantly. 
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If the supply to the young cells is cut off too soon, because the material, 
increasing the amount of protoplasm, is supplied too scantily, and the cell 
wall becomes old prematurely, tlie cell can have performed only the first 
part of its task, the formation of the wall, and has nothing left over for the 
formation of the apparatus which produces reduction and increases the dry 
substances, nor for its maintenance. This same poverty must occur in the 
normal cell if it gets into conditions of growth which cause an accumulation 
of destructive, i. e., amylolytic enzymes, whereby it is again carried back 
toward the young stage. If the plant is brought under conditions which 
favor normal vegetative activity (shade, moisture and heat) the non-pig- 
mented parts of the axis tend to produce green leaves. A discovery of 
Lindemuth’s confirms this observation. He proved that intense light actu- 
ally favors albinism. Ernst' mentions that in Caracas Solanus aligerum 
Schlecht., common to that region, is found not infrequently with variegated 
leaves. This occurs, however, only on poor soil. Specimens with strongly 
variegated leaves, transplanted to better soil, become green. With Urtica 
dioica, Beijerinck^, even in one year, succeeded in bringing back the green 
form from the variegated form by means of cuttings. 

Tissues, with a less concentrated cell sap are, however, less resistant. 
Actually, the white leaved parts of the plants are more sensitive to heat, 
frost, and drought, and die sooner. We find more abundant examples in 
the white leaved Acer Ne^gundo, in which even the bark of the branches 
becomes variegated. Almost every year, summer sunburn and winter frosts 
kill the most exposed branches. Such cases also occur in conifers®. In 
the same way seedlings with white cotyledons and plumules are very easily 
destroyed. Not infrequently I have found pure white seedlings, or white 
ones with a reddish tinge, in larger sowings of various kinds of fruits. 
These were always treated with special attention but died after some time, 
in case they did not begin to produce green leaves. .Similar observations 
have been made also by others, for example, on Phortnium tenax (de Smet), 
Passiflora quadrangidaris as well as on Dahlia variahilis, Dianthus Caryo- 
phyllus, and the Liliacea (Lindemuth). A scarcity of reserve siibstances 
in non-pigmented branches explains also the further observation that their 
cuttings grow with greater difficulty than those from the green parts of the 
same individual. Consider, for example, hydrangeas with pure white 
leaves and geraniums from the group “Miss Pollack.” 

Lindemuth observed in Abutilon that the non-pigmented leaves are 
usually smaller and have a shorter life period. We would recall in this 
connection the phenomenon, occurring not infrequently, in our wild plants, 
that when one-half of the leaf is white, the other half green, the former 
remains shorter and the latter, on this account, curves about the white half 
in the form of a sickle. (Cichorium, Beta.) In marbled leaves, the white 

1 Botanlsche Miscellaneen. Bot. Zeit. 1876, p. 37. 

2 Beijerinck, M. W., Chlorella variegator, ein hunter Mikrobe; cit, Bot. Cen- 
trabl. G. Fischer, 1907, p. 333. 

3 Zeitsch. f. Pflanzenkrankh. 1896, p. 361. 
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fields of a leaf often appear distended, the green ones wrinkled, or blistered. 
The stems also at times, in the non-pigmented part, show some shortening, 
as is proved by the variegated Kerria japonica, of which green shoots on 
the same stem and of the same age are at times half a meter taller than 
those bearing white leaves. Sambucus, Weigelia and others, behave in 
this way. 

in my opinion, albinism is a form of arrested development which occurs 
more rarely in wild plants but to an increasing degree in cultivated ones 
and manifests itself in the poorer nourishment of the different tissue ele- 
ments. The result of this is that, either the chloropliyll apparatus does not 
mature at all, or soon falls victim to destructive enzymes. The lack of any 
accumulation of reserve materials, or, at most, a scanty one, is connected 
with this and explains the increased collapsihility of the tissues. 

Of the causes producing albinism, the pressure conditions in the bud 
should come first under consideration which arrest the development of the 
conducting system and thereby hinder the sufficient filling of the cells with 
plastic material even in the embryonic condition, this would explain the 
phenomenon of the sudden development of a non-pigmented shoot from the 

■ bud of a plant which had been green up to that time. In regard to cultural 
influences, experience shows that a relative excess of light acts favorably, 
for we see that often a condition of pure white leaves occurs very inten- 
sively with direct, strong insolation and is retained longest, but decreases, 
when shade and a sufficient supply of water and nitrogen give the leaf time 
to develop more slowly and let its vegetative functions act longer, i. e., 
preventing a premature end of life. 

Timpe* cites in his latest work a phenomenon which has been repc.at- 
ediy tested experimentlly. He repeated the experiments first described by 
Molisch- with the white and green variegated species of Brasska oleracea 
acephala and obtained the same result, viz., that the brilliant white color of 
the leaf surfaces, which reaches its greatest development in winter in a 
cold frame (up to February), decreases almost at once and finally disappears 
if the plants are brought into a warm place. Molisch transferred white 
variegated plants from the cold frame at 4 degrees to 7 degrees C. into a 
hot bed at 12 to 15 degrees C. All the leaves already formed turned green 

■ in from 8 to 14 days ; those newly formed appeared green at once. Returned 
to the cold frame, the specimens again formed leaves variegated with white. 
Here belongs also Weidlich’s statement^ that Sctoginellct Watsonwna must 
he cultivated in a temperature of 10 degrees C. if it is to form white tips. 
In these cases, therefore, the increase in the vegetative functions, producing 
the loss of albinism, is conditioned by the increase of heat ; while in other 
cases, according to the nature of the plant and other local nutritive condi- 
tions, the variegated leaves can be brought back to the optimum of their 

1 Tempe, Heinrich, Panachierung uiid Transplantation. Jahrbueh d. Hamburg, 
wiss. Anstalten XXIV, 1906, Beiiieft 3. 

2 Ber. d. Deutach. Bot. Ges. XIX, 1, p. 32, 

3 Gartenflora 1904, p. 585. 



684 


functions ttad to the normal formation of chlorophyll by decrease of light 
and heat; or by the increase of the nitrogen or potassium supply, thus pro- 
longing the period of growth. 

A scanty supply of material frequently manifested in the increase of 
tannin and the absence o.f starch, the small size of the cell and the increase 
of the intercellular spaces, is also emphasized by Timpe in his carefully 
worked out experiments. He describes a phenomenon for Ulmus which 
seems strange to him but is exactly the best proof of our theory. In this 
the luxuriant spring growth of shoots variegated with white developed per- 
fectly green foliage after the tree had been set out; but the midsummer 
growth, witlji a lack of water and excess of light and heat, again showed 
tlie variegation*. 

If, however, albinism consists in the premature ending of life, i. e., in 
the suppression, or arrestment, of the work of the chlorophyll apparatus, the 
destructive enzymes, even it not increased in absolute amount, still obtain 
a preponderance in the cell because those which cause the formation of the 
reserve materials, have been too little developed due to the lack of chloro- 
phyll activity. The equilibrium otherwise formed in the cells containing 
chlorophyll is destroyed. 

We, therefore, do not need to assume the formation of a "virus” 

.a group of materials acting poisonously, which must be produced and 
increased in the plant, — in order to explain albinism and the phenomena of 
disease related to it (the* mosaic disease, shrivelling disease, etc.). It is 
simply a change in the functions, i. e., a different direction of the mole- 
cular motion to which we must trace back, however, all metabolic processes. 
If this changed formation of substances is a movement, it can continue until 
some other form of molecular motion causes its arrestment. The non- 
pigmented part of the plant is, therefore, the carrier of an abnormal motion 
in its substances and on this account it would not seem strange if this motion 
is continued as soon as the paths, i. e., the vascular bundles (according to 
Pantanclli, the leptome parts), of two separated individuals are united, as 
is the case in grafting. 

If we consider albinism not as a phenomenon coming from the ranks 
of the other phenomena of variegation but only as the most extreme case of 
a process representing a decrease in the amount of chlorophyll, it can no 
longer seem strange that plants, variegated with yellow and, therefore, less 
irritated, can still be brought to the production of seeds in which the same 
direction of the metabolic motion is continued, i. e., that the seeds furnish 
plants with yellow variegation. 

The Mosaic Disease of Tobacco. 

The most recent authors, who have written on albinism, have already 
mentioned the relation of this phenomenon to the mosaic disease of 
tobacco. 

* Loc. cit., p. 68. 
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This name originated witli Adolph Mayer, who in July, 1879, when the 
disease had occurred to an alarming extent in Holland, received some dis- 
eased plants from the Society of j\.griculture (Department Wijk bij 
Duurstede) for investigation. He published the results of his experiments 
in 1885, in a Dutch periodical and in the following year in the “Landwirt- 
schaftlichen Versuchsstationen”'. According to F. W. T. Hunger" Van 
Swieten in 1857 had first called attention to the mosaic character of the 
variegated leaves of tobacco in the Dutch plantations but in his later studies 
on the cultivation of tobacco in Cuba, did not mention the disease which then 
was called Rost. At present the disease may exist in any country grow- 
ing tobacco and, accordingly, has received any number of i^mes. Thus 
Hunger mentions that in Holland it is not only called “Rost” but in places 
Bunt or Faule. In Germany the name “Mosaikkrankheiten” holds 
good. In places it passes as “Mauche;” in France it is called "La Mosaique" 
or Nielle or Rouille blanche;" in Hungary it is called "Mozaikbetegsege" 
and the Tartars in southern Russia call it "Bosuch." In Italy it is described 
under the name "Mai de Mosaico, or "Mai della boUa.’’ In America, in 
the northern states, it is called "Calico” or "the Frenching disease;” in the 
southern states, on the other hand, "Brindle” or "Mongrel disease.” The 
plantations in Java, Borneo and Sumatra also suffer heavily. The Javan- 
ese call the disea.se "Poetih" while it is known in Deli by the Chinese name^ 
"Peh-sem””. 

The mosaic disease may at present be considered the most dangerous 
disease of the tobacco plant. This explains why it has been thoroughly 
studied recently from several points of view but the results are often con- 
tradictory. While some investigators, retaining the old theory with great 
tenacity, wi.sh to find microbes and think they have found them, others 
defend the theory that an infection disease is present here, the cause of 
which must be sought in Inexpedient enzymatic activity. 

The diversity of opinion is explained partially by the fact that different 
phenomena have been included under the mosaic disease which do not 
belong together. On the other hand, however, the disease can actually 
appear under different forms. 

We follow Delacroix* in describing its symptoms. He distinguishes 
two stages: — i, loss of color; 2, changes in the form of the diseased leaves. 
In the first group of symptoms, the edge of the leaf shows sharply outlined, 
various colored spots of a faded green, which shades off into a whitish color 
but not into a yellow green as in chlorosis; the pale green parts have spots 
of dark green color, which is even darker than that of the normal leaf. 
The differences in color become more apparent when the leaf is held 

1 Mayer Adolf Die Mosaikkrankheit des Tabaks. Landw. Vereuchsstat. 1886, 
Vol. XXXII, p. 450, Part III. 

“ Hunger, P. W,, Untersuchungen und BetracMungen ttber die Moaalkkrank- 
heit der Tabakspflanzen. Zeitsch. f. Pflanzenkrankh. 1905, p. 267. 

8 Hunger, loo. clt. , , j m ^ 

* Delacroix, Georges, Recherches sur quelques maladies du Tabac en France. 
Paris 1906 p 18. Extrait des Annales de rinstitut national agronomlque, 2 ser., 
Vol. V. 
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against the light, and, by feeling the leaf, it is noticeable that the dark green 
places are somewhat thicker than the pale ones. . Before Delacroix, Iwan- 
ovvski‘ had already emphasized the fact that the lateral shoots, developing 
from the axes of diseased leaves, have the mosaic disease. This circum- 
stance is very important and characteristic of the disease in which the loss 
of color occurs in the young leaves; as a rule, mature leaves do not be- 
come diseased. Often Ihe dark green places become somewhat convex so 
that the surface of the leaves is somewhat wrinkled ; in other, and rarer 
cases, a reduction of the leaf surface sets in which can increase to such an 
extent that, on the whole plant, only the mid ribs are present but no blades. 
This latter aharacteristic has been mentioned by Heintzel^ and Iwanowski, 
but, according to Hunger* it is not typical of the disease, for he had also 
observed it in Deli in healthy plants on open ground. 

Therefore, in the mosaic disease, we find the same characteristics as in 
albinism ; a sharp delimitation of the spots, a greater thickness of the green 
places, and, at times, a reduction of the leaf surfaces, which, in the varie- 
gated parts, remain small. This can also be transmitted artificially and 
probably follows the same paths, i. e., the leptome. The only difference is 
that the mosaic disease can be transmitted considerably more easily. Ever)' 
particle of sap which falls from a diseased plant into an injury in a healthy 
one is enough, under certain circumstances, to cause infection. We will 
cite, as example, the description of an infection experiment made by 
Koningh On the 5th of* July he cut the stem of a perfectly healthy plant 
as far as the vascular bundles and inserted in the cut a small piece of the 
spotted leaf from a diseased plant. On the 2otli of July a dark fleck could 
be seen near the edge of a young leaf, between the veins. In the course of 
the next few days, specks appeared also on the other young leaves while 
the leaf itself took on “an uneven, irregular appearance due to the increase 
of the palisade tissue.” The edge of the leaf appeared in places to he 
strangulated, or slightly lobed. Later these spots dried up, after having 
assumed a reddish brown color, Koning perceived concentric zones in the 
larger spots, of which the outermost zones were the darkest. Not infre- 
quently he found that whole pieces had fallen out of the leaf. The latter 
characteristics are not mentioned by other observers, which fact supports 
our theory that the disease can present different aspects in different places 
and in different varieties of tobacco. 

Koning gives only scanty notes on the anatomy of the diseased leaves. 
In the very youngest stage of tlic spots, where no differentiation of palisade 
and spongy parenchyma has set in, dark stripes appear between the cells 
which represent strikingly large, air-fillcd intercellular spaces. These are 

1 Iwanowski. D.. tJber die Mosaikkrankheit der Tabakspflanzen. Zeitschr I. 
Pflanzenkrankh. 1901, p. 1 S. 

2 Heintzel, Kurt, Kontagiose Pflanzenkrankheiten ohne Mikroben mit beson- 

derer Beriicksichtigung der Mosaikkrankheit der Tabakebiatter. Inaug -Dissert. 
Erlangen 1900, i tlViVV 

" T oc. cit, p. 274. I I ' t }. '4, 

* Koning, c. J., Die Flecken- Oder Mosaikkrankheit des holiandischen Tabaks’ 
Zeitschr. f. Pflanzenkrankh. 1899, p. 65. 
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retained in the advancing development of the tissue. No change can be 
observed at first in the epidermis. It shrivels later, becomes brown and 
dry when the chlorophyll has disorganized in the underlying tissue and the 
cells dry up. 

In extensive plantations the infection of the plants usually takes place 
through contact with the hands of laborers who produce wounds when 
thinning out the plants and otherwise working among them. The touching 
of such places with fingers covered with sap from diseased plants is enough 
to inoculate the majority of the healthy plants. The process has often been 
tested experimentally. In an experiment made especially for this purpose 
in Holland, Koning determined 8o per cent, of disease. 

The disease, moreover, is not restricted to tobacco, for Woods' had 
already reported that he could call forth similar phenomena when pruning 
tomato plants. Hunger^ showed as an example that, in the same plant 
species, different varieties behaved differently according to their origin. 
He found in direct experiments with the heads of plants in Buitenzorg that 
all the shoots (lateral shoots) of 50 examples raised from American seeds 
had the mosaic disease, Of 25 plants grown at the same time from German 
seed 9 were diseased. On the other hand, the shoots of the 25 specimens 
raised from Indian seed showed no change. 

In speaking of the cause of this disease, we have already mentioned 
that part of the observers assume the presence of micro-organisms without 
having seen them. Iwanowski, in fact, describes" a specific bacterium, but 
Hunger found, in subsequent investigations, that the alleged organism dis- 
appeared from the cell with the use of the chloral hydrate phenol mixture. 
We can, therefore, say that no parasitic organism is known, as yet, for the 
typical mosaic disease, or, rather, the majority of exact observations lead 
to the theory that a physiological disease is concerned here, the transmission 
of which takes place by means of carriers which, advancing in the iiifected 
organism, cause, in the existing norma! group of substances, the same 
changes in the arrangement which produce the disease and in this way the 
spread of the disease. The different degrees of susceptibility of the differ- 
ent varieties — those with thick leaves being much more resistant than those 
with thin leaves — prove that some predixposition must exist. The highly 
prized Deli tobaccos (those with the tenderest leaves) suffer most. The 
influence of cultivation is shown by the fact that virgin soils give decidedly 
smaller percentages of sick plants than those already used repeatedly for 
the cultivation of tobacco (cf. Hunger’s field experiments) . 

Two points of view are now held by the investigators who do not rec- 
ognize microbes as the cause of the mosaic disease. One group believes 
that the plant produces a poison, a virus, which is capable of producing the 
same poisonous substances in the cell content of an inoculated plant, there y 

1 Woods, A. F,, Observations on the Mosaic disease of Tobacco. U. S. Dept, of 
Agriculture, Bull. No. 18, May, 1902. 

2 Log. clt., p. 287. 

8 Zeitfichr. f. Pflanzenkrankh. 1905, v- 
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causing the disease. Beijerinck^ appeared first among those who hold this 
opinion. In 1898 he described a "contagium vivum fiuidum" as the cause. 

Hunger says further^ “I consider the virus of the mosaic disease to 
be a toxin which is always produced in the tobacco plant during the metabo- 
lism of the cells but, in normal cases, exercises no effect, while it accumu- 
lates when the metabolism is too strongly increased and then causes disturb- 
ances such as the mosaic form of variegated leaves.” I assume that the 
toxin of the mosaic disease, which is produced primarily by external stimuli, 
is capable, when penetrating into normal cells, of exercising a physiological 
contact effect with the result that the same toxin is formed there secondar- 
ily. In other words the tojrm of the mosaic disease f>ossesses the peculiarity 
of acting as a physiologico-autocatalytic agent. In this way the virus can be 
make Its way independently throughout the tobacco plant, and, reaching the 
paths leading to the meristem, can exert its influence there on the young 
structures. This explains the capacity of the diseased substance, for in- 
crease. "This capacity does not depend on the active reproductivity of the 
virus itself but simplv arises from the passive reproductive powe* of the 
living cell substances.” 

In contrast to the theory of poison we represent a second theory and 
call attention to the experiments of Pantanelli and others who have proved 
a change in the amount and action of the enzymes. HeintzeP says ( 1899, 
p. 45), "The enzyme which causes the'^osaic disease may, therefore, be 
considered an oxydase.” Accordingly, the cause of the mosaic disease 
would be present also in a healthy plant and would have an abnormal action 
only under special circumstances. Woods* expresses exactly the same 
theory since he thinks only certain conditions are concerned under which 
the oxidizing enzymes become effective — “either become more active, or are 
produced in abnormally large quantities.” The condition of matters at 
present is still uncertain and forbids a closer examination of the relations. 
For the theory which we advance and have described in the first section of 
this chapter, the question is less important, whether an increase of the 
oxydases actually takes place, or whether a decrease of the reducing sub- 
stances, always accompanying the oxydases, whereby the same amount of 
oxydase has an increased activity. H\mger has actually proved that the 
leaf with the mosaic disease contains less reducing and tannic substances 
than do healthy tobacco leaves’. A scantier sugar content has been proved 
in the diseased leaf, corresponding to a lack of chlorophyll; besides this, 

1 Beijerinck, M. W., Over een contagium vivum flutiium als oorzaak van 'de 
Vlekziekte der tabaksbladen. Koninkl. Akad. vaji W^tenschappen te Amsterdam. 
Nov. 1898. t5ber eln Contagium vivum fluldura als Ursache der Fleckenkrankheif 
der Tabaksblatter. Centralbl. f. Bakerlologic 1 899, Part' II, No 2 p 27 

^ Loc. cit, p. 296. 

» Heintzel, Kurt, Kontagibae Pflanze»krankbeit ohne Mlkroben, mit beson- 
derer Berticksichtigung der Mosalkkrankheit dor Tabaksblatter. Inaug. -Dissert. 
Erlangen 1900; cit. by Hunger, loc. cit., p. 269. 

* Woods, A. F„ The destruction of chlorophyll by oxidizing enzymes, Centralbl. 
f. Bakt. 1899. Part II. Vol. V, No. 22, p. 745. 

5 Hunger. F. W. T.. Bemerkungen ziir Wood'sehen Theorie liber die Mosalk- 
krankheit des Tabaks. Bull. d. I’lnst. Bot. de Bultenzorg 1903, No. XVII. 



less free organic acids are found'. Accordingly, the parts suffering with 
the mosaic disease lack the ability to form suHicient reserve substances ; 
and thus the mosaic disease, which, according to Hunger',, may also be 
transmitted without the existence of any injury, simply by contact with the 
hand, or, in grafting, be transmitted to the stock, belongs under albinism. 

While we still have no reason for restricting the last named phenom- 
enon, because the white variegated plants, in spite of their greater sensitive- 
ness, form desirable specimens for our gardens, yet, the need of earnest 
regulations for combatting the mosaic disease, is most imperative and these 
have often been tried. According to Koning liming the soil has proved to 
be the best method. Hunger also proved good results by fertilizing with 
bone meal and gives warning primarily against an excessive chemical ferti- 
lization. In my opinion the disease is a result of inbreeding, which can be 
overcome successfully by decreasing the supply of nitrogen and by increas- 
ing the lime. 

Wood says', “Overfeeding with nitrogen favors the development of 
the disease and there is some evidence that excess of nitrates in the cells 
may cause the excessive development of the ferments causing the disease.” 

The choice of seed also deserves especial attention as is evident from 
the statements of Bouygeres and Perreau*. These investigators took seed 
from plants, in tlie midst of a diseased field, which up to the time of har- 
vesting had remained free from the mosaic disease. They obtained 98 per 
cent, of healthy plants. These were, at any rate, capable of being infected 
in wounds brought in contact with parts having the disease. Special con- 
sideration should be given primarily to the soil. In earth, on which tobacco 
had been grown for some time, healthy seed very easily became diseased . 


Fox OF Tob.^cco. 


We have mentioned already, in discussing the mosaic disease, that other 
phenomena of discoloration have often given rise to much confusion. An 
example of the latter is furnished by the pox disease. Iwanowski and 
Poloftzoff” have called attention to the difference between this and the 
mosaic disease. For three years they studied this disease in Bessarabia, 
having been commissioned by the Russian Department of Agriculture. 
According to Hunger', the disease manifests itself in the appearance of 
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numerous small white specks at times of great drought, while in Deli the 
mosaic disease is observable immediately after sharp rainstorms. The 
cause is looked for in conditions similar to those in the mosaic disease. 

White Rust of Tobacco. 

A further phenomenon has been confused with the mosaic, d^ease 
which is called "White Rust.” Delacroix' has called attention to the fact 
that, in this the mature leaves, and not the young ones, become sick first. 
The spots are more numerous but are smaller and stand out in sharp relief. 
Ultimately they are bounded by a cork layer. The cause is said to be 
a micro-organism. Bacillus maculicola. 

The Disease of the Peanut in German-East Africa. 

According to Karosek' Arachis hypogaea, one of the most important 
cultivated plants of the East African colony, is in general but little attacked 
by disease. In the neighborhood of Tanga and Lindi, however, a phenom- 
enon has now appeared to a considerable extent which recalls the mosaic 
disease. The leaves, blossoms and fruit remain small, the yield is scanty; 
whitish, irregular spots appear on the leaves, deforming them somewhat. 
The leaves finally become brown and die. Fungi have been found and any 
lack of nutrition is out of the question. 

The Shrivelling Disease of the Mulberry. 

This disease, at present widely distributed through Japan, which surely 
will be found later in Europe, has only been observed more exactly for 
possibly the last twenty or thirty years and has been studied earnestly only 
during the last ten years. According to Suzuki®, whose description of the 
disease we follow, it is called Jshikubyo or Shikuyobyo in Japan. Like the 
mosaic disease, this shrivelling disease also occurs most extensively in the 
tender leaved and quick growing varieties. Within the same cufiural 
varieties the individuals suffer most strongly which receive too much liquid 
fertilizer, while trees planted in poor soil, or in mountainous regions, are 
almost free from it. 

The fact that the disease became noticeable at about the time when 
the so-called “pruning method” was universally introduced into Japan is of 
especial importance. This method consists in the cutting down of the 
trunks, or branches, at the time of the most luxuriant leaf development 
(May to June), close to the soil when the plant is three years old. The 
stock at once produces new, luxuriant shoots which by September have 
become 5 to 6 feet tall. These branches, in the following summer, are cut 
back again, either close to the soil or several feet above the surface. Speci- 
mens, which have been cut back for a long time, suffer less from the disease 

1 Delacroix, G., La rouille blanche du tabac et la nlelle, etcc Compt. rend. 
1905, CXL, p. 675. 

2 Karosak, A., Elne neue Krankbeit der Erdnllsse In Deutach-Ostafrlka. 
Gartenflora 1904, p. 611. 

3 Suzuki, u,, Chemische und physioloalsche Studlen Uber die Schrumpfkrank- 
heit des Maulbeerbaumes, elne In Japan gehr welt verbreitete Krankbeit Zeitacbr, 
{. Pflanzenkrankh. 1902, p. 203. 
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and it is absolutely unknown in regions where the plants, under the old 
cultural method, have not been cut at all. Consequently, we may maintain 
with certainty that a phenomenon resulting from intensive cultivation is 
concerned here. The fact that the plants remain healthy, which were cut 
back in autumn or the early spring before the opening of the leaves, favors 
the theory that this cutting during the time of making growth is the cause 
of the shrivelling disease. Diseased plants can be cured if left unpruned 
for several years. 

The first indication of the disease appears generally when the young 
branches, breaking out from the stump of the trunk, have reached a height 
of one foot. First of all, the uppermost surfaces shrivel or show other 
phenomena of weakness. This change advances gradually downward, 
while the leaves turn yellowish or dark green, or even can retain their 
normal color. This usually sets in slowly since, in the first year, only the 
upper leaves of some shoots become diseased. In the course of time, the 
condition so spreads that the tree dies. There are, however, also acute 
cases in which all the leaves shrivel at the same time in one year. The 
branches of the diseased plants are usually very thin and develop very 
numerous side branches and leaves ; they droop at times and lose their stiff- 
ness. The roots begin to decay. 

Naturally, parasites have often been held responsible for this disease 
and the phenomenon has been declared to he the result of a parasitic decay 
of the roots but the roots are demonstrably healthy in the first stages of the 
disease of the aerial parts ; besides this, it seems very remarkable that a 
parasite always seeks only the trees treated with the pruning method. 

With due consideration of the preceding facts, one is forced to the con- 
clusion that a continued disturbance of equilibrium in the nutritive processes 
must, be the cause here. This is confirmed by Suzuki’s numerous analyses. 
He found, for example, in the average from ten .experiments that in leaves 
of plants suffering from the shrivelling disease, when the content of the 
healthy leaves is set at too, the water content is 94-7 cent, j the dry 
substance 116 per cent. In too parts dry substance the content is 
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Therefore, a greater abundance of asH in proportion to the organic, 
■substances produced, as has been emphasized already as. typical for all 
defective plants. 

The characteristic of the shrivelling disease of the mulberry is a con- 
gestion of starch in the diseased leaves and a very scanty development of 
the wood body, especially of the conducting elements, the sieve tubes. Be- 
cause of the scanty number and small breadth of the lumina of these ' 
elements, only a ver)' slow transportation of the assimilated material (here 
especially sugar) can take place. Consequently the continued dissolution 
of the starch is prevented*. Besides these anatomical conditions, chemistry 
now proves the presence of an abnormally large quantity of oxydases and 
peroxydases. According to Woods, it is very probable that the oxydases 
not only destroy all the chlorophyll but also prevent diastatic and proteo- 
lytic action. On this account, they might be the cause of the delay in the 
transportation of the starch and nitrogen compounds. At any rate, Shibata“ 
maintains, as a result of his experiments, that the diastase action is not pre- 
vented by the oxydase and that a further production of the enzymes would 
be caused by the entire elimination of the elaborated materials. Later 
experiments must make clear which of these theories is correct. The fact 
is Sufficient for us here that the whole mnount of the reserve substances is 
exhausted in the sick plants®. This is shown also in the scanty filling with 
starch of the bark on the branches and roots and of the dormant buds, and 
manifests itself also in the decrease of root pressure and the transpiratory 
intensity (Miyoshi). It is now clear that if a plant is continually forced to 
use its reserve material by the removal of its foliage, it does not have time 
enough to mature the new growth, i. e., to deposit sufficient starch, albumen 
and cellulose in these organs. ^ 

The curing of this disease will lie in a return to the normal fall pruning. 
As soon as branches of diseased plants have developed their own roots by 
layering, they develop normally as Suzuki has shown experimentally. 

Besides this, very similar phenomena of disease also occur in the tea 
plant as soon as the picking of the leaves is carried on irrationally. 

Thf, Sf.reh Dise.vse of the Sugar Cane, 

At present the Sereh disease, which appeared in Java in the 8o’s of the 
last century and is advancing from the West to the East, is, indeed, the 
most greatly dreaded disease of the sugar cane. It has now been observed 
also in Reunion, Sumatra, Borneo, Malakka, the Mascarrean Islands, and 
i, in Australia*. According to Kriiger®, whom we follow first of all, the nam^ 

1 Miyoshi, ■ M., TJntersuchungen uber SchrutnpfkraDfcheit (“Ishlkubyo") dcs 
Maulbeerbaumes. II, Joum. Coll. Sc. Tokio 1901, Vol. XV. 

2 Shibata, K., Die EnzymbiWung in schrumpkranken Maulbeerbkumen The 
Botanical Magazine XVIT, 1903. 

3 Suzuki, ioc. clt., p. 277. 

* Cit. Zeitachr. f, Fflanzenkrankh. 1901, p. 297. 

9 Kriiger, W., Uber Krankheiten u. Feinde des Zuckerrohrs. Ber. d. Versucha- 
station f. Zuckerrohr in West -Java, Kagok-Tegai. Dresden, Schenfeld’s 'Verlag. 
1890, p. 126. 
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originates from the Javanese name for Andropotjon Schoenanthus (Jav. . 
Ser&), grown extensively in gardens there. This grass forms unusually 
greatly branched bushes. In its most highly developed form the disease of 
the sugar cane also appears in an excessive formation of short lateral shoots 
which make the plant look bushy. The root system is poorly developed and 
only slender roots spread out in the soil; the majority remain short and 
bushy, for their tips die and those formed anew fall victim to the same fate. 
Many parasites are found in the dead tissue ; among these, Tylenchus Sac- 
chari Soltw. is the most common in Java. The inteniodes of the stem 
remain short ; the eyes of the leaf axils swell up round, while, in the normal 
cane (with the exception of a few varieties) they lie flat like a shell in the 
small depressions on the stem. The growth of the main shoot is sup- 
pressed and, on this account, the lower eyes, especially those below ground, 
develop quickly. In the new shoots, how'ever, the same process of sup- 
pression of the apical growth is repeated immediately as well as that of the 
breaking of the secondary axes. In this way the whole plant gets an obnor- 
mally bushy formation. The Javanese material, which 1 ordered for inves- 
tigation, at times showed such a ramification of the lateral axes on the 
upper, higher parts of the stem that groups, resembling witches' brooms, 
were formed. All possible transitions between this bushy dwarfing and the 
slender normal condition are found in the different stages of the disease. 

As a result of the great shortening of the internodes, the leaves stand 
close to one another like fans. The leaf sheaths seem to enclose each other. 
In many cases, their death does not take place as it does normally by 
advancing from the edge towards the mid-rib, but conversely, and the result 
is that they remain tor a long time on the stem and form nests for micro- 
organisms. Their color is usually darker than that of the normally dead 
leaves and while the latter are tough, the abnormal ones are more brittle 
and disintegrate easily. The intensive red colored vascular bundles arc at 
once conspicuous in a cross-section through a node of the diseased cane. 
This coloring matter may be withdrawn with alcohol. The cell walls are 
frequently swollen' out of shape and partially destroyed. 

This red coloring of the bundles occurs in cuttings and in older plants 
in the first stages of the disease, so that it was thought that they should be 
emphasized as a characteristic especially deserving of consideration. 

We have observed this red coloring of the cell walls m many non- 
parasitic diseases of monocotyledons, and Busse’ has been able to produce 
it artificially in the sorghum millet in German East Africa by painting the 
leaf blades with vaseline or paraffine oil. The color spread still further in 
the xylem parts of the vascular bundles and was traced by Busse to a dis- 
turbance in the respiratory process. We consider the red color to be a 
phenomenon of oxidation which indicates a functional disturbance in the con- 
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diictive system due to very different causes but especially frequent in root 
diseases. It appears also very clearly in the pineapple disease, in a parasitic 
disease of the sugar cane produced by Thielaviopsis ethaceticus which can 
be transmitted by cuttings. The greater the amount of sugar in the stem — 
this increases constantly from the base up to about the middle of the stem — 
the more easily the cuttings become diseased by the fungi*. The red color 
appears in the Sereh disease at times isolated in some nodes, while the fibro- 
vascular cords of the underlying intemodes are still uncolored. It may be 
concluded from this that the disease represents a general ailment, a constitu- 
tional disease, which shows its first visible symptoms in especially weakened 
places. 

The cause of the disease has been sought in all kinds of influences; 
exhaustion of the soil, degeneration due to continual asexual propagation, 
abnormal atmospheric conditions, unsuitable fertilization, especially with 
peanut meal (Bungkil), too deep planting, or too high covering with earth, 
too early, or too late planting, and finally parasites. Among the latter, 
nematodes, fungi and bacteria come under consideration. 

The conclusions of one scientist contradict those of another. Thus, 
for example, Kriiger states that he has found bacteria in the ducts as a 
constant accompaniment of the disease, while Tschirch* considers it impos- 
sible that bacteria can be the cause of the disease and sees the initial stages 
in an injury to the roots. Benecke* sides with Kriiger, Mobius* opposes the 
assertion of any existing degeneration and also seeks the cause in parasitic 
organisms. Ohl’ perceives the cause of the Sereh disease and the disease 
of the coffee tree in Java, in which the leaves fall, to be the deforestration of 
the mountains and subsequent drought. Janse’, in the same way, traces the 
disease to a lack of water, since he thinks that the gummy obstruction of 
the ducts prevents conductivity. He connects the formation of the gummy 
substance with bacteria {BacUlus Sacchari). Went* considers the Sereh 
directly as a gummosis which arises from the co-operation of a parasitic 
root and leaf sheath disease and which may be propagated by cuttings. 

Wakker* considers the disease as a non-parasitic gummosis, associated 
with the excess of water which cuttings, developing during the dry monsoon, 
suffer in the following rainy period. 

■ Cobb, N. A., Fungus Maladies of the Sugar Cane. Rep. Exp. Stat of the 
Hawaiian Sugar Planters’ Association. Bull. 6. Honolulu, 1906, Part 1. p. 218. 

z Tschlroh, A., Ober Sereh, die wichtlgste aller Kranhheiten dea Zuckerrohres 
In Java. Schweiz. Wochenschrift t. Pfarmazle 1891. 

3 Benecke, Franz, Proefnemlngen ter Bestrijdlng der “Sereh." Samarang f890. 
For further treatises by this author of. Zeitachr. f. Pflanzenkr. 1891, p. 354, 361. 

* Milbius, M., Over de gevolgen van voortdurende vermenlgvuldlglng der 
langs geslachteloosen weg. Mededeelfngen van het Proetetatlon 
Midden Java” te Samarang. 1890. 

— . ® A’ Eene Waterstudle. Batavia 1891: clt. Zeltschr. f. Pflanzenkrankb. 
Vol. I, p. 365. 

« Clt Zeitachr. f. Pflanzenkrankb. 1893, p, 238. 

T Went, F. A., Die Serehkrankhelt; clt. Zeltschr. f. Pflanzenkrankh. 1894.ap. 
235 and 1901, p, 297. W 

1897* ^ ^ ' Sereh-Zlekte S. A. Archlef voor de Java-Sulkerlndustrle. 
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Thus the difference of opinion extends to the most recent times^ with- 
out having led to any positive reconciliation. The reason probably lies in ' 
the fact that the characteristics given for the Sereh disease also occur in 
other diseases, as will be shown, for example, in the following section, and 
thus different investigators may have considered different forms of the 
disease. 

We will emphasize a few facts from positive results, i. e, that healthy 
cane can remain healthy in plantations suffering from the Sereh disease, and 
that diseased cane remains diseased in healthy fields. It should be added 
further that often wide bands along the edges of the fields appear diseased 
first, or only the edges themselves, and that the Cheribon cane, which tends 
to disease when planted in mountainous regions, has given healthy cuttings. 
Some cuttings aje practically immune, while others are susceptible. Even 
the cuttings of the same variety from^regions free from the Sereh disease 
at first remain healthy, even in infected regions. It is evident from this that 
the disease can scarcely be parasitic but falls under the group of the gum- 
ffloses. It can, therefore, not be contested that the bacterial gummosis 
conditions exist in the Sereh disease, just as in the rot of our sugar beets, but 
these forms also depend upon certain conditions of weakness of the plant 
body which we call displacement of the enzymatic functions. 

We consider the causes of the insufficient ripening of the cane, i. e. 
non-deposit of reserve substances, cane sugar in this case, to be the inconsid- 
erate cultivation of sugar cane with an increased supply of fertilizer and 
water on heavy soil in enclosed positions, etc. Actually, the loss in the 
sugar content is uncommonly great in the Sereh disease. 

We are not in a position to determine the process which causes the lack 
of reserve substance. It is, however, a matter of indifference in judging of 
the disease, whether an excess of destructive enzyme? is present or a para- 
lyzation of the constructive ones. The metabolic processes, leading to this 
lack of cane sugar, are naturally present in the whole plant no matter where 
they make themselves felt symptomatically. Therefore, each smallest part 
of the diseased cane, even if it shows no symptoms of the Sereh disease, is 
actually predisposed to it and even contains the carriers of the disease. 
Consequently each Bibit (cutting) from the plant having the Sereh disease 
is condemned to death as soon as it comes under conditions favoring the 
disease. It heals itself, however, and returns to the normal enzymatic 
activity on tracts of land where the Sereh does not break out. 

, From this the best method is clearly the choice of varieties immune to 
Sereh or, at least, the cultivation of Bibits in open, mountainous positions 
and other localities which do not permit the disease to occur. Probably a 
change in cultivation takes place in such a way that only weak fertilizing 
and more porous soils, as well as open positions, are used in the cultivation 
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of cane ; these also cause a standstill in the Sereh disease in distinct centres 
of the disease. 

We believe also that the diseases termed the rusts of sugar cane belong 
here. Of these, we refer here to the Powdery Disease described by Spegar- 
zini'. which occurs also with red spots and a gummy secretion but becomes 
noticeable because of its unplea.sant smell. The base of the stem suffers 
especially. A bacillus {Bacillus sacchari) may be isolated from the gummy 
slime which requires an acid nutrient substratum and produces a protein 
decay which gives rise to the offensive smell of the diseased cane. This 
disease also occurs with Andropotjon nutans. In regard to the production 
of the red color in the vascular bundles and of the gum in the sugar cane 
by micrnmrganisms, Grieg .Smith’s- .work is of especial importance. He 
found reddened vascular bundles in otherwise healthy cane ^ well as in the 
stems which had become gummy because of Bacillus vascularum Cobb. The 
red color was produced by the (illing of the large ducts with a red gum just 
as in the Sereh and other sugar cane t^iseases. He found further a fungus, 
which produced a shiny, very scarlet color on nutritive media with dextrose 
but no gum, and gum bacteria in the diseased ducts, especially Bacillus 
Pseudarabinus n. sp. Bad. Sacchari (“this variety normally lives in the 
sugar cane") and besides this Bacillus vascularum. On sheets of nutrient 
agar with laevulose, the fungus produces no coloring matter, but in combi- 
nation with BactUm pseudarabinuVa bright scarlet is produced and in com- 
bination with Bad. Sacchari, a rusty brown. 

It will be seen from these examples how the constitution of the sub- 
stratum is able to modify the parasitic activity and in what way, therefore, 
different aspects of disease are produced. A preliminary condition neces- 
sary for the production of the disease is, however, a deviation from the 
normal metabolic processes in cane, healthy up to that time, which favors 
an increase of bacteria (probably always present) and which appears sooner 
or later in the different snscc])tihlc varieties of cane hut remains suppressed 
in the immune varieties. 


Cobb’s Disea.se of the Sugar Cane. 


According to Erwin Smith”, the .Sereh disease resembles in many ways 
the disease of the sugar cane occurring in Australia (and especially in 
Mauritis, Java and Brazil), which Cobb describes. This latter disease is 
characterized by diminutive growth, shortening of the internodcs, albinism, 
premature sprouting of the buds, and propagation by infected cuttings. It 
differs essentially, however, from the Sereh, since the heart of the cane stalk 
becomes iignified and masses of yellow slime (gum) occur constantly in the 
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blood red bundles of the trunk. It has been proved by careful inoculation 
experiments that the cause of the disease is Pseudomonas {Bacillus Cobb) 
vascularum. 

Smith considers the red coloration of the branches (corresponding to 
the brown coloration of bacterial gummoses) as a reaction of the plant. 
According to Prinsen Geerlings, a neutral uncolored substance, dissolving 
with difficulty, exists in the cellulose of the normal sugar cane, which turns 
yellow with the action of an alkali (like tannin), but becomes red, when 
aerated, and later brown. 

The interesting result is the definite proof that certain varieties of cane 
(common green cane) in inoculation experiments show extraordinarily great 
susceptibility, while other varieties (for example, common purple cane) 
become only slightly diseased. The sap of the latter canes showed approxi- 
mately a doubled acid content and Smith surmises that the high suscepti- 
bility to parasites depends “only on the weak acidity or the minimal occur- 
rence of a specific arresting acid,” Cobb reports that where such resistant 
varieties are grown the disease has disappeared. 

To the same group of diseases belongs also the disease of the sugar 
beet which 1 first described as "bacterial gummosis" and later as “beet tail 
rot."* So far as can be determined experimentally, the bacteria have an 
epidemic distribution only if continued heat and drought with abundant 
nitrogen fertilization weaken the growth of the beets. If wet weather 
sets in with the same excessive fertilization, the yield in sugar becomes 
considerably less, but the bacterial gummoSis is lacking’. 


Peach Yeli.ows. 

Since l88- a disease of the peaches in the United States of North 
America has been studied very earnestly. It has caused uncommonly great 
injury to extensive orchard,s. A yellow disease (chlorosis) is concerned 
here which is transmissible by grafting’. I his condition of yellow foliage 
differs in this from the similar phenomena caused by a lack of nutrition, 
frosts, etc. In this disease, which has constantly increased in the last 20 
years and has made the cultivation of the peach unprofitable in many places 
(in the Delaware and Chesapeake regions), a peculiar red mottled condition 
and a premature ripening of the fruit arc very characteristic. To this 
should be added the premature development of the winter buds and the 
extensive development of latent and adventitious buds; therefore, a diseased 
branch as in the Sereh disease. Although the fruit, which at times has red 
stripes extending into the flesh, attains a normal size in the first year, it 
becomes smaller in the following years of the disease, and tasteless, or even 
bitter. The phenomenon is restricted at first to a few branches and then 
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extends gradually over the whole tree. At the same time the foliage b^ins 
to turn yellowish green in places and weakly pale shoots break out from the 
bark. The foliage developed i» the following spring appears yellow, or a . 
reddish green, the new shoots are stunted and their leaves roll and curl. At 
times the tips of all the healthy, slender ’shoots suddenly show a’continually 
repeated formation of lateral axes which become we^er and weaker and 
whole nests of sprouts are produced (usually in the autumn). Death occurs 
sooner or later. In budding with healthy eyes from diseased trees, a large 
percentage of the budded trees seems to be sick and, in fact, not only the 
shoot developed from the eye itself, but also the stock, similar to the varie- 
gation in albinism. 

The rosette, which occurs also in plums, was considered at first a 
variety of the peach disease here described, but later Smith held it to be a 
specific disease. Its course is uncommonly rapid, so that death occurs in 
the same year, or, at the latest, in the following year. Here, too, the leaf 
rosettes are produced by a strikingly abundant development of latent eyes 
and the development of lateral shoots, which attain, however, scarcely one- 
sixth the length of normal shoots. These may develop Other side shoots, 
which again branch. Such nests of branches often contain from 200 to 400 
small leaflets and malformed stipules. At the bases of the shoots the leaves 
are larger and better developed but peculiarly rolled in at the edges and 
strikingly stiff, because of a certain rigidity of the mid-rib. These leaves 
turn yellow in the early summer and drop. In the course of the summer 
the rosettes dry up; the blossoms of the diseased shoots, however, do not 
develop earlier than those of the healthy shoots, but rather somewhat later. 
On the other hand, all the fruits which become gummy fall when still green 
and never show the red specking as in peach yellows. In both diseases the 
fine, lateral roots are found to be shrivelled and dead and the rosette disease 
is often accompanied by abundant gum centres. This rosette disease may 
also be carried to the stock in budding. Only, as a rule, very many more 
normal lateral eyes in a shoot develop into rosettes and, thereby, the bushy 
formation becomes denser than in the peach yellows. 

Opinions as to the cause of this disease are divided, yet the bacterial 
theory has become less prominent since it has been recognized that in many 
cases mycelium and bacteria have not been found. For this reason the 
theory has become much more universal that a constitutional disease is 
concerned here, in which substances due to an abnormal metabolism may 
be transmitted by grafting as in albinism and the mosaic disease. In fact, 
here, the transmission probably takes place through the pollen, for Morse' 
has observed that out of three varieties of peaches, two became diseased, 
while the third, the white Magdalene, remained healthy. This variety could 
not be crossed with others. 


1 Morse, E. W. On the power of some peach trees to resist the disease called 
yellows.” Bull. Bussey Institution, Cambridge, 1901; clt. Zeitschr. f. Pflanzenkr. 
1902, p. 58. ' 
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Of the tinusually numerous practical experiments made especially by 
Smith^, it can be only stated as a result, that no one has succeeded, as yet, 
in dbtaining any indication of the cause. In ordinary years, a lack of nutri- 
tion, or its excess, can not be considered as a reason for the disease. Still it 
may be observed that rainy, cool silmmers show a decrease of the disease 
and dry periods, an increase. Grafting on the Marianna plum was found 
to be apparently a protection against the rosette disease, since the eyes from 
the diseased peach developed to healthy shoots. Infection experiments with 
about twenty different kinds of bacteria and yeasts, taken from the tissue of 
diseased peaches, gave no other result than a swelling in a few cases at the 
point of infection or an exudation of gum''. 

The almond suffers from both of these diseases and apricots and Japa- 
nese plums from the yellows*. 

In my opinion, injuries are concerned here which are produced by 
intensive cultivation and lack of consideration of the soil requirements of 
the peach. In the long run, all heavy soils, rich in fertilizers, become 
dangerous for the peach. In combatting this disease, it might be well to 
consider primarily cultivation on light soils and in open places. 


Gummosis of the Cherky. 


The exudation of gum is well known as a widespread phenomenon 
especially among the stone fruits and can be produced by very different 
kinds of causes. 

With us, the cherry and the peach suffer most frequently from gum 
exudations. We sometimes find light yellow, transparent masses, at other 
times brown, cloudy solid ones,'*extending over a part of the bark of a 
branch or the trunk. These masses are soluble in boiling water ; insoluble 
in alcohol and cannot be crystalized. When boiled with dilute sulfuric acid, 
the jam contains a sugar which can ferment and yields mucic acid wheri 
treated with nitric acid. They belong, therefore, to that group which 
organic chemistry terms Gums. Different varieties of gums have been dis- 
tinguished, according to their capacity for swelling in water. Gum per- 
fectly soluble in cold water is called Arabin, which has all the characteristics 
of an acid*. The giim tragacanth which swells up in water to a sticky jelly 
is a representative of the Bassorin group, and the modification of Bassorin 
is called Cerasin, which is soluble in boiling water. Cherry and plum gums 
are a mixture of Arabin and Cerasin. We may assume that the gum formed 
in gummosis changes its constitution according to the time of its production 
and the character of the tissues from which it is produced. It may have 
some relationship with pectin substances. Gum arabic has the character of 
an organic calcium salt. 


1 Smith, E. P. Experiments with tertilixers, etc.; cit, Zeitschr. f. Pflanzenkr. 

“''s sA'tto B. F. Additional notes on peach rosette. The Joumai of Mycology, 

Vol VII, No. 3, 1893. , „ „ .-r, 

s Cit. Zeitschr. f. Pflanzenkrankh. 1896, , , r-, 

4 Czapek, Pr. Biochemie d. Pflanzen. Leipzig, 1905, Vol. I. p. 6o4. 



700 


We get the best insight into the nature of the disease by considering 
the young gummed lateral cherry branch illustrated in Fig. 155, l and 2. 
Isolated ducts are shown, first of all, in the middle of the normal wood, 
which are entirely filled with gum (Fig. 155 20). This gum has been 
formed in part from the secondary membranes of the ducts. When treated 
with hydrochloric acid, which colors the walls of the wood cells and ducts a 
brilliant carmine, as well as the bast fibre cells, the breaking down of the still 
red wall of the duct into yellow gum, found here in drops, may be easily 
recognized. This phenomenon is frequently only a forerunner, or accom- 
paniment of a much more extensive formation of gum, whereby large gum 
centres arc produced in the wood and in the bark. 

* Even in one year old branches, it is possible to discover the first traces 
of the gummy exudation by examining closely cross-sections of young 
branches in which gummosis is recognizable to the naked eye only in the 
occurrence of extremely small black points. Lighter colored places appear 
at times in the wood body which, with more thorough investigation, aie 
found to be composed of parenchymatous instead of prosenchymatous cells. 
This abnormal wood parenchyma (Fig. 155 2 p.) is usually enclosed by 
normal wood, which separates it also from the cambium (2c). As a rule, 
these lighter colored places, which are usually deposited side by side, parallel 
to the periphery, and usually separated by thin radial stripes of normal 
wood, are found in different developmental stages. Some are perfectly 
unimpaired ; others show cells near-the centre which have already changed 
to gum. In the same cases, all the abnormal parenchyma and, in th^ same 
way, the normal wood, are entirely changed to gum (Fig. 155 2 d). In this, 
the intercellular substances are dissolved first of all; then follow the pri- 
mary, and finally the secondary membranes of the ducts and the wood cells. 
In such large gum holes, a peculiar process of growth of some cells sets in, 
together with the simultaneous dissolution of the remainder. While the 
wood cells and ducts especially undergo gummosis, some medullary ray cells 
at first grow longer. The starch which they contain is dissolved ; in a few, 
two new cells may be observed, which elongate in different directions. The 
medullary ray cells, lying more toward the centre and somewhat removed 
from the gum centre, round off and sometimes elongate. In this way arise 
many celled filaments, which remind one of certain algae (Trentepohlia) 
(Fig- >55 t”) and which grow freely into the gummy mass. They are 
also dissolved, beginning at the outside, but this does not take place in any 
definite order. Often the cells at the tip of the filament are found dissolved, 
with the exception of a thin remnant of the walls. In other cases the cells 
at the base are dissolved and then the piece of the filament, which has become 
free, lies isolated in the gummy mass. 

Very similar processes are found in the hark, the thin walled bast cells 
of which (Fig. 155 h) very easily succumb to gummosis. The gum centres 
are met with much more frequently in the bark than in the wood. In rare 






cases I have found the initial stages only in the cambium itself and, in fact,^ 
more frequently in the peach than in the cherry. 

However, where the initial stages can be found, the evil is always 
dangerous because it spreads further. Gummosis produced in the wood soon 
spreads to the cambium and the bark, when it becomes very extensive in the 
bark, and thus may furnish the greatest part of the gum on the exterior of 
the trunk; the cambium also does not escape later. The assertion that 
gummosis always begins in the cambium is correct only if by cambium is 
meant the primordia of imperfectly developed cells which later fall victim 
to liquefication. The profess of liquefication itself can begin at any place in 
the branch and long after the formation of these tissues has taken place. 
On this account, we find gum holes in the middle of the wood body. 

The ultimate result is essentially the same. At some point in the cir- 
cumference of the trunk, the cambium is finally destroyed and the already 
matured wood becomes more or less diseased. A wound thus appears 
which spreads further and further. This, however, is not always recog- 
nizabfe externally, for the diseased place is not indicated by gum which has 
exuded to the outside. The gum comes to the surface rarely, or only very 
late, if the cambium is first attacked by gummosis. Then the solid, already 
matured wood dies slowly and, in fact, gradually more toward the centre of 
the trunk, i. e. toward the pith (Fig. 155 zk) than toward the circumfer- 
ence. This arises from efforts at localization, which occur simultaneously 
with the disease. A case illustrated in the drawing (Fig. 155 i g) and 
occurring not infrequently, consists in the drying up of the bark above the 
affected wood, with the exception of a few bast bundles, and not its dissolu- 
tion. At that place, the part marked IV in the figure is bridged over by 
bark elements (Fig. 2 r). The formation of gum is not very extensive but 
the attempt of the tree to heal the wound becomes more noticeable. This is 
perceptible in one-year-old branches. Figure 155 l, illustrating a gnm 
pocket a year old, shows at u the attempt of the tree to overgrow the place 
(during several years) : a indicates a branch. 

A more abundant formation of wood and bark on the healthy part of 
the trunk, lying next to the wound (Fig. 155 2 h) makes the trunk thicker 
on the wounded side than on the healthy side (1') and above and below the 
wound. If the bark is retained above the wound the edges of the over- 
growth (Fig. 155 u) have raised the dry bark from the dead wood and in 
this way a cavity forms of which the back wall is formed from the wood 
and pith partially attacked by gummosis ?nd the front wall by the dry bark 
(not drawn in the figure) and the sides of the freshly formed callus (« it). 
The cavity thus produced is a lodging place for insects and fungi. 

The newly formed callus, however, rarely remains intact. In the 
majority of cases, small gum centres (Fig. 155 2d') are found in the lux- 
uriantly developed new tissues. To be sure, the living bark attempts to 
enclose the diseased places by layers of cork, but I have never been able to 
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find a case of healing. The difficulty in closing the wound is explained by 
the presence of new gum centres in the callus. 

We have the following points to emphasize from the consideration of 
the cherry branch affected by gummosis here illustrated, i. The pro- 
duction of parenchymatous tissue groups between the prosenchyntatous 
elements of the wood. 2. The position of the groups between two medul- 
lary rays which can curve about the parenchyma aggregations, and, more 
rarely, are able to participate in their formation. 3. The production of 
these groups independently of wounds. 4. The liquefaction of these tissue 
aggregations into gum pockets into which the resistant medullary ray cells 
grow like threads. , The last circumstance is explained by the fact that in the 
same cambial ring zone of the branch, or trunk, the medullary cells develop 
more rapidly than the tissue lying between them, and, therefore, are eloh- 
gated further radially into the bark body where they function as parenchy- 
matous tissue. At the time when the process of liquefaction begins, the 
medullary ray cells, therefore, are tougher and more resistant and the first 
gummy centres appear as holes between two medullary rays when the 
gummosis is not caused by wounds. 

The more recent experiments attempting to explain the production of 
gum exudation' begin with the phenomena of injury. Beijerinck and Rant' 
assert in their very thorough work that the gummy exudation depends "on 
the abnormal development of the embryonic wood tissue caused by the 
wound stimulus.” 

■ Beijerinck presents the subject thus: the normal plant forms cytolytic 
substances which take part in the formation of ducts and tracheids. The 
physiological gum, thus produced, is in fact usually entirely re-absorbed, yet, 
under certain circumstances, it remains demonstrable as such even in the 
cavities of the mature ducts. The “gummy exudation, therefore, depends 
upon an abnormal increase of the action of those cytolytic substances under 
the influence of dying cells, perhaps because an especially large number of 
these are produced in necrobiosis. By necrobiosis is meant the cell activity 
after the death of the protoplasm, while the enzyme bodies remain active.” 

Ruhland' opposes this theory. He calls attention first of all to the fact 
that gummosis can take place in seeds, fruits*, leaves and also in the 
phellogen, on which last point he lays especial stress. He found considerable 
masses of gum in the youngest phellogen of Prunus Cerasus and thinks that 


1 Compare the second edition of this manual lor older points of view 

2 Beijerinck, M. W., and Rant, A. Wundreis, Paramtimus and GummifluBS bei 
den Amygdalaceen. Cenlralbl. f. Baktcriol. ^w 1905, XV, No. 12. Rant. A. Die 

den Amygdalaceen. Ber. 

d, Deutsch^ Bot frequenUy in plums in wet years. As a 

S^L"tt1hfdrops - .isua..« and s— rrfafteli.^^Xri 
“so?ound“^mmiflc”tion of the pits of plums along the line of union of the halves, 
SO that under slight pressure the two fell apart. 
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“a universal peculiarity of embryonic cells is concerned in this gummy disso- 
lution which, however, does not extend so far as dissolution in normal life, 
but only when caused by some further impetus.” Ruhland investigated the 
abnormal tissue groups, which may be observed in the production of the gum ■ 
canal and found cells enlarged to vesicles with two fully developed nuclei 
but without the formation of any cell wall between them. The process is 
explained by the adjacent Fig. 156. 

Therefore, the cell filaments, which extend into the gum centre, are 
produced by the "repeated divisions of a cell which, not diseased, lies at the 
base of the filament, while the daughter cells, thus produced, only increase in 
size without division.” The normal process of wall formation is arrested 
in the embryonic cell and the carbo-hydrates, designed for the formation of 
dross walls, are transformed into gum substances. The reason for the 
change may be sought in the fact that, because of some injury, the embryonic 



Fig. 156. Sections throufrh gum-formiriff tissue (fixed with chj'utii-iicelatc, stained 
with safranln-gentlan-violut orange. (After Ruhland,) 

A acelifilaiBeiit. B a young gum center : at n and 5 cells with two nuclei, 


tissues are made accessible to the oxygen of the air; the carbo-hydrates, 
really destined for cross-w'all formation, will then pass over into the gum 
which is richer in oxygen. Griiss' explains the oxidation by means of 
oxygen carriers which are formed in the tissue during growth. Wiesner- 
had earlier assumed a ferment which, like diastase, turns the guaiac emul- 
sion blue and is destroyed by boiling. When treated with Orcin or hydro- 
chloric add, a red or violet color appears after a short boiling, and a blue 
precipitate forms. In the initial stage of gummosis, only the contents of the 
parenchyma cells are found to discolor in this way, from which it may be 
concluded that the ferment has its seat in the protoplasm. The ferment has 
been proved in the gums of seed and of stone fruit trees, in gum arable and 
other kinds of gum. Ruhland’s experiments with the removal of oxygen. 


u. Bydunc d. aua Hemlcellulose bestehenden Zcllwande 
und ihre Beziehung zur Gummosis. BIbl. bot Heft 33, Stuttgart 1896, Erwin Naegele. 

/ wiesner, tlber ein Ferment, welches In der Pflanze die Umwandlung der 
Cellulose in Gummi und Schleiin bewirkt Bot. Zeit 18S5, No. 37. 
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in which production of the gum centres was suppressed, show that a supply 
of oxygen seems to be an absolute necessity. 


In our opinion, the necrobiosis theory of Beijerinck and Rant is unten- 
able, since gummosis may be found without any previous presence of dead 
cells in very young branches and one-year-old seedlings in places which 
represent still intact cell centres such as in Fig. 155 2p. Therefore, the 
wound stimulus does not enter into the question here. We believe rather 
that all embryonic and mature cells are capable of forming gum as soon as 
certain processes of cell wall formation, or maturation, are suppressed. This 
prevention of the normal maturing of the cell wall can be caused very well 
by an increased supply of oxygen. This oxygen, however, can be directly 
atmospheric oxygen only in case of injury, but probably is only rarely 
actually such, being furnished rather by substances which carry oxygen as 
Griiss explains. Substances of this kind are present in the normal growth 
of trees. In an exudation of gum only an abnormal increase in the amount, 
or the length of action of ttee substances is involved*. This increase can 
take place because of wounostimulus. ft can also be produced by different 
parasites and, finally, developed by inorganic poisons. In the latter connec- 
tion, I would mention my experiments in introducing a weak oxalic acid 
solution under the bark of perfectly healthy cherry trees. In the course of 
the summer profuse streams of gum were produced which gradually ceased 
because of the dying out of the oxalic aci<l action and they did not continue, 
for example, in wounds which had received only distilled water instead of 
the oxalic acid. 

In regard to the manner in which gum exudations can develop we wilf 
take as a basis the theories formulated by Griiss^ 


In his investigations, this scientist has come to the conclusion that the 
hemi-celluloses, Mannan, Galactan and /kraban are deposited directly, or 
indirectly, as reserve substances. This takes place directly in the orm of 
thickened cell walls in the endosperm of the seed (Phoenix, Phytelephas), 
or in the form of secondary thickening layers in libriform or wood paren- 
chyma cells (different varieties of Astragalus, Prunus, Acacia, etc). They 
can be considered as indirect reserve substances if they compose the cell 
walls of cells containing starch, such as those in the endosperm of the 
Gramineae. The hemi-celluloses. Galactan and Araban, are changed by 
enzymes into the gums Galactin and Arabin and can migrate m the tis u 
even before they have been transformed into the sugars galactose and 

arabinose. 


, 1 .. v^rvine amounts in the tree according to the 

1 These substances are found This explains also the different 

individual, the place of injuries. Thus, for example the 

results when the guni exudation P endangered in rtis, but the 

youngest tips of the branches i e the region beneath the apex. In 

region in which the sides of the tree and the seasons, I found m 

vegai-d to the infl>*“7“/JfLt”ate spring t”' ° ‘ 

"e m” s?"h'l^ i“ he development of gummosis. 


3 Loc. cit. 
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The oxygen carriers, which form gums, are now actually demonstrable 
as enzymes which are produced in the sprouting of the buds and, in fact, are 
present even before the diastase. The latter will then dissolve the hemi- 
cellulose, or other gums, as Griiss has proved for tragacanth. 

If such enzymes are produced in excess or their anti-bodies develop in 
too small amounts, they hinder the normal development of the cell wall in 
embryonic cells, or begin the process of liquefaction in the complete cell of 
the mature wood, so that pathological gum centres are produced. 

It is not at all improbable that an excess of oxalic acid, like the hydro- 
lyzing sulfuric acid and other mineral acids, acts like thj naturally formed 
ferments and produces thereby an exudation of gum. Such an increase of 
oxalic acid action can either be brought about by its more abundant forma- 
tion, or through its lesser combination with calcium. Thus, for example, 
Mikosch' calls attention to the fact that almost no calcium oxalate crystals 
are found in the tissues involved in this transformation. It is evident from 
Benecke’s works^ that the content of these crystals depends upon the nutri- 
tion. He found in his cultures'that the addition of nitrates favors the 
formation of calcium oxalate; that feeding with ammonia decreases this 
formation. 

Among the parasites producing an exudation of gum, Clasterosporium 
carpophilum (Lev.) Aderh. {Coryneum Beijerinckii Oud.) should be named 
first of all. Nevertheless, a certain predisposition of the organ is necessary 
if the fungus should become effective. Aderhold® found in his inoculation 
experiments with leaves that red fungous spots occur without the formation 
I of gums as, conversely, wounds with an abundant formation of gum could be 
found in the midribs of the leaves and in the cambium of branches in which 
the fungus was absent. The other parasites behave similarly ; Cyiospora leu- 
costoma; Monilia fructigena and M. cinerea, Botrytis cinerea and many 
kinds of bacteria*. 

It is very possible that, in some of the parasites here named, oxalic acid 
is the poison produced by them which causes gummosis. 

Before we take up the question of overcoming exudations of gum, it is 
necessary to turn our attention to the conditions under which the disease 
appears. Duhamel’s theory is found most frequently confirmed in pomo- 
logical literature. He thinks that cherry trees, which are planted in too 
strong soil, are most subject to the disease. We find this proved especially 
with the peach and cherry if clayey soil is understood by the term' “strong 
soil. Exudations of gum are found less frequently on warm, porous soils 
which can be very rich. Further, we find exudations of gum abounding in 


Sitz- 


Unterauchunren fiber die Entstehung dee Klrechgumml. 

"*2 p- A****!,^- y*®®- Wien: clt Bot Centralbl. 1907, XXVIII, No. 37 
LXI. cm I*"’’ 

3 Aderhold, R. ttber Clasierotporium carpophilum (L6ii^ Aderh und die 
GSundTeSmt“ vS n“?“ ^ d. Kais. 
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larger, unclosed wounds on the branches. In the same way, we find them 
occurring in specially young peach branches, of which the bark has been 
greatly injured by bruising or rubbing. 

In my experiments, in which all the eyes were removed, in the spring 
from a considerable number of cherry trees, an exudation of gum occurred 
with very few exceptions. In other experiments, in which the trunks had 
been peeled for a considerable distance, gummosis appeared in the bark near 
the upper girdling cuts, in which no new structures in the forms of callus 
had been formed. Finally, it is well known that great injury to the roots, 
or crown, in tran^lanting, as well as poor grafting, can give rise to the 
formation of gum, 

All these injuries, in my opinion, do not act through necrobiosis but 
because of a simple wound stimulus which causes an excessive current of 
constructive materials to a spot where they cannot find normal utilization. 
■There sets in at the same time, a hastened, new formation of cells, which 
becomes evident in the formation of the primordia of parenchymatous ele- 
ments instead of prosenchymatous cells, as in all other processes of wound 
healing. Therefore, the activity of the new cell formation becomes excess- 
ively favored at a time when the constructive enzymes already prevail and 
wall-thickening as well as a deposition of reserve substances should begin. 
This prevalence of the enzymes of the youthful condition leads to the lique- 
faction of the diversely formed tissue groups. Such a displacement of the 
enzyme activity may be considered, in its effect, to be like a wave which 
continues to advance in the tree until it is stopped by some other constructive 
force. According to practical experience, such a halt is called by all those 
factors which condition a normal ripening of the wood and a precipitation, 
at the right time, of abundant quantities of reserve substances; porous soils, 
sunny open places, and a supply of calcium, avoidance of over-abundant 
nitrogen fertilization. 

In- treating wounds which are exuding gum, the use of vinegar made 
from wine is warmly recommended on all sides. I have had no personal 
experienpe with it. 

Exudation of Gum in Other Plants. 


Exudation of Gum in the Acacia. 

Miillcr' maintains that the formation of Acacia gum depends upon 
changes similar to those of the cherry gum. He says very generally that the 
gum of the Acacia is always produced by a transformation of the cel wall 
advancing from the outside inward. The walls of the parenchyma cells and 
the sieve tubes are the first ones to fall victim to the dissolution. (The 
collapsed sieve tubes form Wigand’s Horn prosenchyma.) Moller observed 
the gum also as a product of the bark and found that it differs according to 
the Le in whic Jt is produced. Gum arabic is produced by the dissolving 


1 Moller, fiber die Bntstoliung des ,\cacien-Gumml. 
Wlsaenschalten. Wein. 4875, June issue. 


Sitzungsber. d. Akad. d. 
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of the inner bark while a less soluble form, similar to the cherry gum, occurs 
in the middle bark. This may well'depend on the age of the affected tissueb 

As one of the causes which give rise to the exudation of Senegal gum 
from Acacia Vcrek, Martins^ mentions the action of dry desert winds which 
blow in the autumn and winter and cause the rupturing of the outer bark of 
the Acacia, which has become more furrowed because of the August and 
September winds. Other wounds, which result in the exudation of gum, 
arc caused by a parasite which Martins calls Loranthus senegalensis. 
Cryptogamic parasites are also able to cause the wounds to remain, open 
permanently and they thus exercise a stimulus foj gum formation. 
Coryneum gummiparum Oud., which Oudemans observed as bud form of 
Pleospora gummipara Oud., acts just as Coryneum Beijerinckii does with 
the Amygdalaccae. 

Gummy Exudation of the Bm'KR Orange®. 

Italian plantations of bitter oranges {Citrus vulgaris), lemons {Citrus 
limonum), and sweet orange trees {Citrus Aurantium) have suffered for 
many years from a disease which is constantly spreading, the “Mai della 
gomme^' of the Italians, which causes such injuries that, according to 
Novellis^, the Italian Department of Agriculture and Commerce has offered 
for years a premium of 25,000 lires for a proved means of curing it. 

The disease begins with the appearance of black specks in the bark of 
the trunk and branches, especially near the points of bifurcation. These 
spots increase rapidly in size, until, after a little time, they become black 
places in the bark and split open A yellowish white liquid exudes from the 
surface, which gradually becomes denser in consistency and stickier, and 
finally hardens into yellow beads, or glaze-like coatings. The wood under 
the opening in the bark is brown and in a process of gummosis. If the 
gum is washed by rain on to other parts of tlie tree, new centres of disease 
are said to be produced. We find similar conditions also in regard to the 
acacia gum and it is not at all impossible that such cases exist. Like the 
mosaic disease of the tobacco, this may be explained as follows: The 
enzymatic bodies causing the formation of gum give the impetus for similar 
changes in predisposed healthy specimens and spread further like a wave. 


*1 r * relations of cellulose and gums to each other in different 
PflOTzenSim eu Tollens and Kirchner, Untersuchungen ilber den 
u™ ^rthe L Biedermann's Centralbl. 1875, 11, p. 28. In regard to the forma- 

when trratp? wUi,^i?M'7’ ^*'.f"''''‘ctose. from mucilaginous gums, soluble in water, 
mucilagM * ^ ^ a Etwle comparative des gommea et des 

^ahreS' f ^ ^ Clacssen, tSber Arabinose; cit. 

Janresber. £. Agrikulturchemie, 1881, p. 88. 

nar 1’ d’ exerStion de la gomme arabieme produite 

Rpri Tr n Senegal. Compt. rend. 1875, I, p. 607. Klllani, fiber arabisches 
Gumrai. Berl. chem. Geg. rat. Jnhresbcr. f. Agrikulturchemie 1882, p. 88. 

various * patotogla arborea. Napoli 1907. The work contains 

otS S mu oX m which we unfortunately cannot make use of at 

present and only mention as m the last proof sheets. 
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The gummosis becomes fatal for the tree when the gum centres make 
up a greater part of the trunk circumference. According to F)uhler‘ lemons 
suffer most and sour oranges least. Cuttings seem to retain the germs of 
the disease, and in the same way, grafted specimens seem to give a higher 
percentage of disease than seedlings which have remained ungrafted. Rich 
fertilization, heavy watering, clayey soils, increase the evil, which is said to 
increase also if cover crops, like pumpkins, beans, tomatoes, etc., are grown, 
which require heavy fertilization. 

Judging by the material to which I have had access thus far, I consider 
the disease of Citrus fruits to be exactly the same phenomenon as the exu- 
dation of gum in the Amgydalaceae. I consider the excessive addition of 
fertilizers rich in nitrogen, to be one of the momentarily most frequent 
causes, which play a brief role also in Germany for the pitted fruits in 

nurseries. 

* 

Among the Italian authors, reglion= shares the theory explained here. 
He calls attention to the fact that the cultivation of cover plants needing 
rich fertilization is injurious. Stable manure is not very suitable for C.itrus. 
The fruit, to be sure, becomes large but remains thick-skinned and sour. 


Blackleg of thf, F.dible Chestnut. 


According to Gibelli" this disease is characterized by the appearance of 
wilted yellow leaves and small fruit, poor in sugar. In young trees the base 
of the trunk dries up, the bark turns brown, and its tissues contain concre- 
tions of tannin as large as the head of a pin. Analyses show all the charac- 
teristics of plants growing poorly, i. c. a large ash content in proportion to the 
dry substance, In the ash is found a scarcity of potassium and phosphoric 
acid and a considerable increase of ferric oxid. 

Because of the ball-like concretions, giving the tannin reaction, the 
disease seems to me to be related to the disease “Mai Nero” of the grape- 
vine (see page 219). Comes'' describes this form as gummosis. According 
to Cugini=, this disease, because of which bud development is entirely 
retarded in the spring, or destroyed, is characterized by the appearance of 
black stripes and spots on the branches, petioles and ribs tendrils, and stems 
of the clusters. The spots extend into the organs and in fach the trun 
even to the heartwood. Besides this, the disease is characterized by the 
subsequent appearance of yellowish brown granules in the parenchymatous 


1 Pluhler. DicKrankheltdcrAxiuracninSicilion. Biedcrmann'i, Centralblatt 

V. La condmazionc e — „neUa agruml. Boll. 

di Bntomol. axrar., etc. 1901, in Bot. jahrestier. 1S79, 11, p. 375. Gihelli 

a Gibelli, La Malattia del Casta^o e L Brt. Sopra una 

ed G. Antonielll, Sopra una miov-a 

malattia cbe devasta i eastaltneti italiann n • risullati degli esperimenti 

4 Comes, n Mat ncro della 'i't®-,,’.,,®"”:' “ella vlte. Portioi 1882. Sul preteno 
fatti per la cura della Gomroos, o * got jihresber. 1882. 

tannlno scoperto nelle vlti Bffette, da • • Centralbl. 1881, 1701. 17111, p. 

a Cuffinl, Rloerche aul f m de^ta Vita 

147, Nuova indagini sul Mai nero della vi 
Firenze 1883. 
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elements of the trunk and branches. These granules often fill up the entire 
lumina of the cells and consist either of cellulose or of substances containing 
proteins. Cugini, who, morever, considers the phenomenon to be parasitic, 
also confirms the turning green of the blossoms and connects it with the 
disease. Differences of opinion prevail already among pathologists who 
have found parasites. Prillieux* considers Roesleria hypogaea as the cause, 
while Hartig“ declares that this fungus is an accompanying phenomenon and 
that another, Dematophora necatrix is the real parasite. 

Later investigations, especially those made by Pi^otta^ show that the 
above mentioned granules in the cells give the tannin reaction and arise 
directly from the starch grains. He found Rhizomorpha very frequently 
in the diseased roots, but not always ; nevertheless, he does not consider this 
fact important enough to place the disease among fungus diseases. Comes 
showed that the granules in question do not represent accumulations of 
tannin but consist of a different ground substance (gum) which fe only 
saturated with tannin. 

Gummosis of the Fig Tree. 

The disease of the fig tree {Marciume del Pico” of the Italians), which 
has been well known since the time of Theophrates, has been thoroughly 
studied by Savastano*, who recognized it as gummosis. 

. This disease, to which old plants are more exposed than young ones, is 
found most markedly in the months of July, August and September when 
the leaves become yellow and fall, as does the fruit also. Although numer- 
ous fungi and even insects are found on the wilted and dead leaves {Fumago 
salicina, Tul, Uredo Ficus, Cast, Phyllosficta Sycophila Thiim., Sporodes- 
mium, Coccus carkae Fab.), these parasites should not be considered causes 
of the disease. Usually there is no change in the trunk and branches, but a 
change does occur in the root, where the chief seat of the disease should be 
sought. In a highly advanced stage the roots seem blackish up to the 
crown. They sometimes split open, but oftener decay. 

It is found in plants, raised from sprouts, that the seat of the disease 
may lie in the roots of the mother plant, from whence the further distribu- 
tion takes place in all directions, but especially upward. The outermost layer 
is the most diseased ; only at times is the innermost layer destroyed to any 
great extent. When the destruction reaches the crown, the plant dies 
absolutely. 

When the disease appears, the cells and ducts are found filled with a 
substance which at first seems a lemon yellow and later a dark amber. At 
first the cell walls are covered with this and then the whole lumen becomes 

1 Prillleux, La pourridiS des vignee de la Haute-Marne, prodult par le Koesleria 
liypogaea. Paris 1882. 

2 Hartlg, R. Rhizomorpha (Dematophora) necatrix. Der Wurzelpilz des 

Untersuchungen ans dem forstbotanischen Institute zur MUnchen. 
1888, ni, p. 95. cit. Bot. Centralbl. 1883, No. 46 (Vol. XVI), p. 208. 

3 pirotta, Primi atudi sul Mai nero o Mai dello Space© neolle viti 1882: cit Bot. 
Jahresber. 1882. 

f* Marciume del Flco. Annuario della R. Scuola Sup. d' Agri- 

cult Portici, Vol. Ill, lasc. V, 1884, con 4 tav. cromot (nach brieflicher Mittellung). 



filled with it. The starch disappears with the increase of these masses. 
Savastano observed, even in seedlings, a production of gum centres at the 
point where the young roots passed into the trunk and branches. I found 
similar conditions in the sweet cherry, which externally showed no trace 
of disease. 

Savastano found gummosis appearing also in the trunk and branches. 
He found a substance in its gum which seems to be similar to ‘‘Olivile’' 
occurring in the gummosis of the olive. The gummosis of the trunk and 
branches starts in the gum glands found even in the roots of saplings. Only 
after the plants have become diseased with gummosis may the presence of 
Rhizomorpha be proved which other investigators have considered the 
causes of the disease. With the red discoloration of the walls, the paren- 
chyma cells of the roots undergo a process of humifaction in which the 
specific weight of the tissue becomes less and less because the organic 
substances disappear. 

A later work by Savastano' gives the results of comparative experi- 
ments with specimens of Amygdalus Persica and Amygdaks communis, 
Prunus Cerasus, P. domestica, P. inilitia, P. Mahaleb, and P. Ameniaca, 
as well as Citrus Aurontium, C. Limonum, C. vulgaris and C. nobilis, and 
also of Olea europaea affected by gummosis. The results show that the 
gummosis of the plants named has much in common with that of Ficus 
Carica. In all, the formation of gum centres either takes place as a result 
of injury, or without any external cause. If the wound is overgrown 
quickly and completely, the gum fonned dries up, as a rule, into brittle 
masses and remains uninjiirious for the surrounding tissue. If, on the 
other hand, moisture is present on the wounded places, the gum remains 
soft and is easily carried over the surfaces surrounding the wounds, which 
also succumb to gummosis. 

The Exudation of Manna. 


In many plants, instead of gum, a hard, clear substance containing 
sugar comes from the bark of young trunks and branches, and is called 
Manna in trade. The liquefaction product contains Mannit which, when 
extracted with alcohol, can be obtained in fine white silky crystals, tasting 
slightly sweet, and may also be formed artificially from different sugars. 
. Investigations of the Manna exudation were begun by Meyen-. According 
to him, the large amounts of Manna, which come from Italy, are obtained 
artificially from a kind of alder, the Manna Alder, by making incisions in 
the bark toward the end of July. From these incisions the Manna flows 
gradually as a thick,sweetish juice, hardening in the air. 


Resinosis. 

The exudation of resin (resinosis) is for conifers what exudation of 
gum is for the Amygdalaceae and the Manna exudation for the Oleaceae. 

' Gummose caullnalre dans les Aurantiaefe, Amygd^fes le Fignisr, I'Olivier et 
noircissement du Noyer. Compt. rpnd. I, Decebic, ISS-I. Reprint. 

* Pflanzenpatholopie, p. 22S. 
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It sometimes occurs 'in*the wood and sometimes attacks the parenchyma and 
bast cells of the hark. The first stages of the disease are found in the 
resinosis of the wood; the mature condition consists in the formation of 
large quantities of uniform resin masses in cavities in the trunk and branches, 
which are usually called resin boils. It is well known that resin in the cell 
contents normally occurs in the form of drops or, as in the glue mats of 
many wood buds, in the intermediate lamellae of the cell wall, or finally, as 
in our Junes and spruces, in definitely distributed, peculiar resin canals. The 
contents of many parenchyma cells near the resin canal show resin drops 
and starch grains, of which some not infrequently are provided with a resin 
coating. The immediate surroundings must necessarily furnish the sub- 
stances which fill the large resin pockets. Whether this material is trans- 
ported in the form of resin, as N. J. C. Miiller* assumes, or in the form of 
some other compound and is only developed into resin where it is found as 
such, which theory Hanstein” is inclined to believe, is of little importance 
for our consideration. In this we have to maintain that the formation of 
considerable amounts of resin and gum is possible only through the transfor- 
mation of a plastic substance, flowing toward those places where the 
liquefaction takes place, i. e. a positive loss of sap. To this it should be 
added for resinosis, as for gummosis, that the existing plant substance, in 
the form of wood and bark tissue and of starch grains, succumbs to lique- 
faction and that, in this way, considerable material i.s lost. According to 
investigations made by Karsten-* and Wigand^ the wood at first seems 
resiniferous, i. e. saturated with resin and balsam. In most of the cells of 
this saturated tissue, the resin appears as a wall coating, or as drops which 
have spread together until the cells seem completely filled with the mass. 
The walls of the cells, originally thick, become thinner and thinner in the 
same degree as the amount of resin increases within the cell, until, finally, 
only a fine outline is left, which is gradually lost in the mass of resin. 

As in gum exudation, the medullary rays also seem to be longer 
resistent, since they are clearly seen to extend into the uniform resin mass 
of the dissolved wood cells surrounding them. For complete analogy in the 
two processes, there is lacking only the proof that, in the exudation of 
resin, an abnormal wood parenchyma is formed, which undergoes absolute 
resinosis. 

Verteiliing dcr Hai-ze usw. in Pringsheim’s Jnhrb. f. wiss. 
Hot. 1866—67, p. 3S7 tE) says the great amount o£ resin in the resin ducts cannot 
have reached that place except by penetrating' many cell 'walls. He finds the cell 
■walls to be penneable for resin. Thin cross sections of pine wood left lying for 
some time in water showed that all the resin in the cell walls has been replaced 
by water. 

Hanstein. (tiber die Organe der Harz- and Schtelmabsonderu'ng in dem. Laub- 
knospen. Eot. Zeit., 1868, No. 33 ff.) speaks of tbe occurrence of reain ■first in the 
grooves of secretion cells as small bands between the cuticle and the cellulose meTH- 
brane. This is undoubtedly an important reason for assuming that "the resin, which 
occurs in the form of intermediate wall layers, firat assumes its real character after 
It has passed through the cell wall in another form and been deposited as an inter- 
mediate layer." 

8 Karsten, H. tJber die Entstehung des Harzes, Wachses, Gummis und Schleims 
durch die assimilicrende Tatigkelt der Zellmembranen. Bot. Zeit. ISStr p. 316. 

* W'jgand, Itber die Desorganisation der Pflanzenzelle. Pringslieim’s Jahib. f. 
WISS. Bot. Vol. Ill, p. 165. ' 
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It has often been observed that the starch grains in resinosis succumb 
to hquefadwn just as in gummosis. Starch certainly furnishes a large part 
of the resin in the exudation. Wiesner’ states, for example, that resin bodies 
exist within the medullary ray cells of foliage trees and possess the structure 
of the starch grains. These rarely turn blue with the use of pure iodine but 
do so more often with iodine and sulfuric acid. With the use of ammoni- 
acal cuprous acid they give the cellulose reaction ; they react to ferric chlorid 
like tannin. Wiesner, therefore, concludes from his investigations that a 
large amount of the resin, occurring in nature, arises from starch grains 
themselves, or from starch grains which have been changed into tannin. He 
considers the tannin to be a connecting link between the cellulose and resin. 

We find in Nottberg very thorough work on resin pockets the proof 
that even in the exudation of resin an abnormal parenchyma wood is formed 
which succumbs to resinosis and liquefaction. Nottberg proves that, as a 
■result of any injury, whatever, which 
with the production of a "tracheidal 
parenchyma” which gradually passes 
over again into the normal tracheids. 

The tracheids of the sap wood which, 
as a result of the injury, come into 
contact with tlie outer world, stop up 
their lumina with a mass resembling 
wound gum, w'hich is insoluble in 
alcohol but dissolves after treatment 
with Schultz’s mixture. Usually res- 
inosis occurs at the same time in the 
wood body. Tile different cells of 
the diseased parenchyma immediately 
after their production begin to form 
resin internally (resin cells). The 
membranes of the new cells of the tracheidal parenchyma liquefy very early. 
The untliickened elements, on the other hand, as long as they are retained, 
constantly show only the cellulose reaction. In the resin cells a definite layer 
may be recognized in which the resin is formed (resinogenous layer. Fig. 
157). Nottberg, from whose book the figure is taken, leaves undecided what 
this resinogenniis layer is ; "a developmental product of the membrane, or of 
the cyptoplasm.” 

The pathological formation of resin may be considered the most exten- 
sive process of liquefaction at present known in the vegetable kingdom. It 
existed in the tertiary period as well as now, for Conwentz states in his 
monograph on the Baltic Amber trees {Finus succinifera, Conw.), which 
has excellent illustrations, ‘‘there was scarcely one healthy tree in the whole 

1 Sltzungsheviclit d. Akad. T). Wissenscli. zii Wien, Vol. St. 

2 Nottberg, P. Experimentale UntersiicbuTigen Jiber die Entstehung von Harz- 
gallen und verwandter GebiWe bei unseren Abietlneen. Zeltscii, f. Pftanzenkr. 1897, 
P. 188 ff. Hier auch weitere laiteiufur. 


Is to the cambium, this responds 



Pig. 157. Cells of the tracheidal paren- 
chyma o£ Pinus Strobus with the resin- 
iferous layer rsg; ht resin drops. (After 
Nottberg.) 



714 


amber forest ; the pathological condition was the rule ; the normal one, the 
exception.”* We cannot better present the processes of resinosis than by 
showing copies of the amber sections which Conwentz has reproduced (Figs. 
158-161). 

Just as at present, we find that the process of resinosis began as follows : 
—resinosis and liquefaction of the membranes, and finally of the whole cell 



Fib. 168. Process o( turning to resin, beginning with the formation of a lysigenoua 
resin canal in the wood. 205:1. (After Conwentz.) 



Fig. 159. Horizontal section. In the summer wood of an annual ring Is a group of 
abnormal wood parenchyma cells (P). 56:1: The holes in the tissue were produced 
in sectioning. (After Conwentz.) 


together with its contents, set in in different groups between two medullary 
rays (Fig. 158). No anatomically different tissue is necessarily present 
here, but, in the majority of cases, such an one is present and in fact in the 
form of wood parenchyma which develops in tangential strips. Conwentz 


* Conwentz, Monographic der baltlschen Dernsteinbilurae, Danzig, 1890, p. 146. 
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describes these strips (Fig. 159) in the summer wood. Up to the present 
I have found them predominantly in the spring wood of our trees so that 
a new annual ring begins at once with the abnormal wood, or after only a 
few cell rows. I trace the production of these strips back to a transitory 
weakening of the bark tension (see Frost Phenomena). This abnormal 
wood parenchyma is shown in a complete stage of resinosis in Fig. 160. 
Masses of resin, or rather amber, already produced, can push out the bark 
away from the oldest part of the trunk. Conwentz found such bark ele- 
ments in so good a state of preser\’ation that he still could prove their 
nuclei. . (Fig. 161.) 

Nottberg found, in the liquefaction of the solid tracheid parenchyma, 
that the tertiary membrane.was retained longest; this may be observed also 
in the spreading of the gum centres of the cherry. 



Fig 160. Horizontal section with abnormal parenchyma wood (P), which haa begun 
to turn to sugar. The abnormal tissue lies In the summer wood. J Is the edge ot 
the annual ring. 210:1. (After Conwentz.) 


Nottberg distinguished good and evil wounds acconling to whether the 
wound heals at once or affects the surrounding tissue. It should still be 
noted that the trees, of which the wood normally has no resin canals at all 
(the white fir), are found to abound in resin canals after injury, especially 
in the edges of the callus. These investigations have been confirmed by 
V. Faber>, who also emphasizes the fact that the pathological resm canals 
are formed schizogenously. They anastomose in a tangential plane an 
form a connected network, while their open ends extend into the wound. 
Above these the resin canals are more abundant and longer than they are 


below them. , . . , „ 

In opposition to the statements that the cause of resinosis may always 

be sought in wounds, I must maintain, as m gummosis, that the processes 
of liquefaction can also arise autogenously. without wound stimulus. I 
have observed.this in seedlings of pines from heavily manured nurseries, 

1 * V. Faher, E. V. Eperimentaluntersuchungen uber die Entstehung d. Ha 
flussee bel Abietlneen. Dissertation. IJein 
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and found similar cases likewise in older plants of Pseudotsuga Douglasi, 
Abies Fraseri and Abies concolor, which showed swellings of the bark. 
These could be proved to be a Ij'sigenous widening of schizogenous resin 
canals. The trees stood on moist, marshy soil which had been heavily 
manured at intervals of two or three years. 

Recently, I have had opportunity to observe resinosis as a constitutional 
disease, i. e. as the manifestation, even in old trees, of a tendency throughout 
the whole plant body, to form resin excessively. I have distinguished this 
universal disease, as “chronic resinosis," from the “acute resinosis” pro- 
duced locally as a result of wound stimulus, and remaining localized, which 
is connected with the exuilation of profuse amounts of resinb Accordingly, 
in the future, a chronic and an acute gummosis would have to be distin- 
guished from one another and in 
the latter, the treatment of the 
wounds with vinegar, already 
recommended, might be success- 
ful. 

Formation of Resin in 
Dicotyi.edonous Plants. 

The production of resin and 
gum resin in dicotyledonous 
plants is found to be parallel to 
the proces.ses described in the 
lircccding section. .Svendsen^ 
found that the gum resins of 
■Styrax, Litjuidamber, Toluifera, 
etc., are pathological products, 
produced as a result of injury. 
After every injury, which ex- 
tends as far as the cambium, 
wound w'ood is formed which is distinguished by its tracheidal, parenchy- 
matous character and which gradually passes over again into normal wood. 
The processes, therefore, arc everywhere the same, just as was described and 
illustrated under injuries due to the frost. The wound stimulus makes itself 
felt in the old w'ood by a stoppage of the ducts with tyloses, or the closing of 
them by Bassorin, The new wood, which is formed about the wound and at 
first is parenchymatous, has resin canals produced schizogenously ; and 
widening ly.sigenously. The resinosis thus attacks the wood parenchyma, 
with the exception of considerable parts of the medullary rays, and con- 
tinues later in the bark, where it becomes noticeable within the bark rays ; a 
fact which should be emphasized. In dicotyledons, as in conifers, the patho- 

1 Ijundwirtschaftliche JalirbOcher 1908. 

2 Svendsen, Cari Johan. t)ber den Har^tflusg bei den Dicotylen, spezffell bel 
Styrax, t.’unariuni, Stiorea, Toluifera und Liquidambar. Archif for Mathematik og 
Naturvidenskab. Kristanla 1905, Voi. XXVI, No. 13. 



Fig. 161. Croup of parenchyma cells from 
the outer bark which has been completely 
separated from the central wood cylinder by 
llio turning to resin of an annular, abnormal 
zone of wood parenchyma. The nuclei may 
still be discerned in the bark cells. (After 
Conwentz.) 
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logical formation of resin is perfectly independent of the presence of normal 
resin canals. The conditions seem to he more complicated in Peru and Tolu 
Balsam. 

Therefore, so far as we can examine the pathological formation of resin, 
it corresponds perfectly to gummosis and, therefore, the same theories, which 
we have expressed earlier, hold good for it. It is not the wound stimulus 
in itself which causes the liquefaction of the solid tissues, but enzymatic 
actions, which we cannot determine at present, manifested in the result that 
scattered tissue groups fail to develop normally and dissolve because of 
oxydation. These processes can be introduced by wounds hut also arise 
from a changed nutrition. They are dependent upon a definite develop- 
mental phase, i. e. the time of the sprouting of the trees. Centres of lique- 
faction, already existing, may he increased by the transinissinn of their 
enzymes to "normal, permanent tissue. 

Supplementarily, we will cite a number of pheuomena, some of which 
belong directly to degeneration due to gummosis, and others belong here 
because we conceive them to be the results of enzymatic disturbances of 
equilibrium. 

Analogous to the exudation of gum i.s the exudation of transparent 
gummy masses in Rteaiimt.s canadensis, occurring especially about the edges 
of w"Ounds. Frank has described it more exactly. 1 found the formation 
of gum in palms, cucumbers, cacti, aud hyacinth bulbs*. 

1 assume an enzymatic disturbance in the heart rot and the black ring 
condition of the horse radish-, the glassincss of cacti, orcliids, carnations,, 
etc. Conditions of weakness arc thus created wliich render the plant sus- 
ceptible to parasitic attacks. Wood has referred to tlds point with especial 
distinctness; “I called special attcniion to the fact that plants rich in 
oxidizing enzymes were more sensitive to unfavorable conditions of tem- 
perature, moisture and especially to insect enemies than plants poor in these 

enzmyes.”* 

Tl^^ding to Comes, llie '‘Bn.soii ot ll.e ClivV is a decMed siimmosis. 

2 s. Zeitschr. f. I'flkr. P. 132. 

* Loc, ell., p. 22. 



SECTION IV. 


EFFECTS OF INJURIOUS GASES AND LIQUIDS. 


CHAPTER XVI. 


THE GASES IN SMOKE. 


SuLFURous Acids. 

The injuries to vegetation due to the gases in smoke have become so 
numerous and varied, with the constantly increasing spread of textile indus- 
tries, that the study of them begins to form a separate branch of pathology, 
in which chemistry and botany are equally concerned. It is thus evident 
that this branch of science demands special attention. The subject has 
been most extensively treated in Haselhoff and Lindau’s book' and later in 
that of WielerL Because of the abundance of material on injuries from 
smoke we can here merely refer to these works and treat more thoroughly 
only the points less fully taken up in them. 

For a long time, scientists were in doubt as to which element in the 
smoke was the injurious one, until the investigations of Morren®, Stock- 
hardt' and especially v. Schroder' proved it to be the sulfurous acid. The 
metallic poisons, like arsenic, zinc and lead, to which especial attention was 
formerly paid in studying the injuries due to the smoke of smelting houses, 
have been proved experimentally to be less injurious to our cultivated plants, 
while a very small addition of sulfurous acid to the air is able to bring about 
the death of the plants under experimentation. How small this addition 
need be is shown by Morren’s” observations. He could perceive the charac- 
teristic indications of destruction in the leaves even when the air contained 


1 Haselhoff, E., und Llndau, G., Die Besch&dlgung der Vegetation durch Rauch. 

Berlin 1903, Borntrager, 412 pages, with 217 illustrations. * 

2 Wieler, A. Untersuch ungen liber die Elnwirkung schwefliger Saure auf die 
Pflanzen. Berlin 1905, Gbr. Borntrager. 

® R6chercheg experimentales pour determiner I'Influence deacertaina gaz Indus- 
Wela. apficialeraent du gaz acide sulfureux, sur la v6g$tation. Extracted from the 
Report of the International Horticultural Elxhltion, etc. London 1866. 

* Untersuchungen liber die sch^liche EJinwirkung des Htitten- u. Steinkohlen- 
rauches auf das Wachstura der Pflanzen. Tharandter forstl. Jahrb., Vol. 21, Part 3. 

'• Die Einwirkung der schwefligen Saure auf den Pflanzen, in Landw. Ver- 
suchsstatlonen 1872. 

« Ix>c. cit, page 224. 
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only 1-50,000 of its volume in sulfurous acid. Schroder states^ that one 
one-millionth will prove injurious if allowed to act for some time. Such 
slight amounts are certainly present in many kinds of smoke, formed by the 
oxidation of hard coal, which contains sulfur. Moreover, since sulfur in 
the form of iron sulfid is an abundant element in hard coal,' it may be 
assumed that, as Morren says, we establish a poison centre for plants with 
every chimney we erect. 

Yet, at any rate, we should not carry this anxiety too far. The experi- 
ments, proving the injuriousness of .such small amounts of gas, were made 
in a space enclosed by a bell jar and the gas usually acted for several hours. 

This corresponds in everyday life only to the constitution of the air 
in the immediate proximity of an industrial establishment, such as smelt- 
ing house, coke oven, etc., in a narrow valley where the smoke lies day 
and night in great masses above the vegetation. In the majority of cases 
the motion of the air, and especially wind, together with the character- 
istic oxidation of sulfurous acid into sulfuric acid when in contact with 
moisture, serve as a protection against the most extreme action of the 
poison, and against immediate death. In any case, however, it would be 
well, in regions where hard coal or peat^ is burned, to choose for industries 
producing a great deal of smoke, such positions as are removed as far as 
possible from large plantations, especially from tracts of trees. 

The gaseous products, from burning hard coal jree from sulfur are not 
injurious to vegetation’. If the coal, however, contains some sulfur and gives 
it off into the air as sulfurous acid, it will be taken up by the leaf-organs 
of the conifers and deciduous trees. According to v. Schroder the greater 
part is retained in these organs and only a small amount is carried into the 
wood of the plant. The experiments made by Freitag* directly in this con- 
nection indicate that we shall have to consider the leaves as the main organs 
for taking up the poison. Yet all leaves do not take up equal amounts of 
the poison offered them; in this, conifers differ markedly from deciduous 
trees. Under similar external conditions, with equally large leaf surfaces, 
the former take up less sulfurous acid than do the latter. Yet it can not 
be said that a plant suffers more when it has taken up a greater amount of 
gas. The power of resistance depends rather upon the special organization 
of the plant. In this connection, the supposition is pertinent that the 
anatomy, especially the number of stomata, may be determinative for the 
sensitiveness of a plant. This supposition, however, which has been repeat- 
edly expressed by Morren, has proved to be erroneous, since Schroder has 


Die BeschadiKung der Vegetation durch Rauch 


1 Schroder, J. v., und Rciiss, C. 
usw. Berlin 1883, P- . smoke from lignite and peat ia also injurious, for 

2 According smoke of lime kilns is less injurious because 
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found that the sulfurous acid is taken up not only by the stomata but 
uniformly by the entire upper surface of the leaf. He found that just as 
much gas was taken up by the upper side, free from stomata, as by the 
underside which abounds in these respiratory organs only the action of the 
gas which had penetrated the underside was much more rapid and energetic. 
This is explained by the fact that sulfurous acid is greedily absorbed by 
water and oxidizes easily in contact with it. Now, since the loss of water 
from the leaf into the air takes place especially through the porous under- 
side which abounds in stomata, the action of the ga.s manifests itself so much 
the more here. If the water in the micellar interstices of the cell-walls is 
combined with the acid in greater amounts than can be supplied to the 
walls, they become deficient in water and finally dry up, thereby losing their 
capacity to conduct water. 

Thus only those cell bodies will remain well supplied with water and 
will retain their normal color, which lie directly against the rapidly conduct- 
ing tissue of the vascular bundles while the dry part, lying between the 
vascular bundles (the leaf veins) takes on a faded, brownish color. This 
[)henomenon of bright green venation in a faded leaf mass has been taken 
as a characteristic point for recognizing leaf poisoning from sulfurous acid. 
Hartig' maintained that the red coloration of the guard cells of the stomata 
in conifers is a positive characteristic of injury due to acid. This statement, 
however, was immediately refuted by other observers. Wider- and 
Sorauer“ have proved that slow death, under the influence of light and wdth 
the action of very different factors causes a red coloration. Directly in 
connection with this characteristic, apparent to the naked eye, is the 
decreased water evaporation from poisoned leaves, as found by v. Schroder 
in weighing experiments. The amount of the transpiration may be used, 
however, as the expression of the amount of production and thus it may be 
concluded here that the leaf-assimilation is less. The general effect of the 
poisoning on the plant body will, therefore, resemble permature defoliation 
and, in fact, the action sets in the more quickly the greater the amount of 
sulfurous acitl present, the drier the air, the higher the temperature and the 
stronger the illumination, which arc the factors inciting the leaf to more 
intensive activity. Because of this fact, which has liecn determined experi- 
mentally, the supposition that the smoke from smelting works and from 
hard coal will act less vigorously at night than during the day is pertinent, 
and we will find later that it is confirmed. 

Caution is necessary, however, when forming one’s judgment from the 
characteristic of green venation and dried middle fields. Almost all injurious 
atmospheric effects express themselves in such a way that the parts of a leaf 
lying furthest from the water-conducting ribs, namely, the fields between 

1 Hartig, Rob. tlber die Einwirkung dcs Hutten- und Steinkohienrauches auf 
die Gesundheit der Nadelboizbaume. MUnchen 1896, Rieger’sche Buchhandl. 

^ Wieler, tJber unsichtbare Rauchschaden bei Nadelbaumen. Zeitschrift fiir 
Furst. u Jagdwesen 1897, Sept, 

•i Horauer, P. tlber die Rotfarbung von Spaltijffnungen bei Picea. Notizbl. 
d. Bot. Gart. Berlin 1896, No. 16. 
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these ribs (intercostal fields), suffer earliest and most extensively from 
frost, sunburn, etc. With the action of the acids in smoke, however, the 
boundaries between the dead and healthy tissues are as sharj) as usual, while 
with the action of atmospheric factors they are less distinct because of the 
many transitional stages. 

The appearance of the injury in decidedly smoky districts also differs 
because, besides sulfurous acid others, such as sulfuric acid, hydrochloric 
acid, hydrofluoric acid, etc., become effective. The action of these acids 
strongly soluble in water (hygrophilous) is restricted, however, to the 
immediate surroundings of the centre of production, where they act at any 
rate much more intensively and kill the tissue rapidly, while sulfurous acid, 
distributed in a gaseous form over wide districts, is usually breathed in by 
the plant slowly but permanently. The former effect, appearing rapidly and 
eating into the tissue, is distinguished as “acute” from the phenomenon of a 
slow poisoning which is termed “chronic injury from smoke.” Of course, the 
latter must have made itself felt inside the plant before the external char- 
acteristics appeared. The chlorophyll apparatus is changed (as has been 
proved by Wislicenus' with the spectroscope and by Soraucr- with the 
microscope) even if the plants still appear perfectly normal. In this case an 
“invisible injury from smoke” is spoken of. Naturally such disturbances 
can be averted very easily and the plant, as lias Itcen found, is in a position 
to cure itself after the cessation of a weaker action of smoke. 

Such cases will also occur in forestry if changes in local conditions take 
place which divert a stream of smoke or dilute it to the point of uninjurious- 
ncss. Wislicenus®, to whom we oxve recent especially thorough, conscien- 
tious investigations, states that the point of uninjuriousness is 0.0005 P®’' 
cent, of the volume. 

He emphasizes the fact that, aside from the extreme individual differ- 
ence in sensitiveness, the stage of development of the plant is of decisive 
signiticance. The time when the new leaves and needles untold is the most 
critical; the plants suffer most then, because the culicular covering of the 
epidermis is still insufficiently developed. The above-mentioned influence 
of light, which promotes injury and was observed by v. Schroder and Harlig, 
has been tested experimentally by Wislicenus', who found that visible 
injurie.s did not appear in yaiung spruces in the dark and in winter, although 
an increase of the sulfur content could be proved. Ramann and Sorauer' 
have also observed that the amount of demonstrable sulfur in an organ is 
not determinative for the degree of injury and Count zu Leimngen" calls 


1 Wisliccms, Resistenz dee Fiehtc goKcn sio.re Itaueljrase Uvi ruhendcr und 

Bot. cS; iVsS. Vo^SxX.’^^Sc; Jao Brizi in Zeitsch. t. rHanzen.ranKh. 1904, 

IT Xfa«=nahincn eegen die Ausbreitung von HuttenrauchschWen 
tm WaMe"rk“5 Intent. t.anCv. Kon^rcsses in Wein 1907. 

* Tharandter Forstl, Jahibiichcr 1S9S, p. lb- 

6 Grat ‘zu Leiningen. W., UcM und Sehattenblatler dee Buche. Naturwizz. Z. t 
Landw. u Forstw. HI. Jabrg. Part 5. 
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attention to a factor which is of decisive importance in making tests as to the 
estimate of injuries due to acid viz., to the very different amounts of sulfur 
and chlorin in shade leaves as contrasted with sun leaves. He found in the 
beech in one square meter of leaf substances ; — 

in sun leaves in shade leaves 

SO3 0.2730 g. 0.3004 g. 

Cl 0.0190 g. 0.0347 g. 

Therefore, the less abundant the production of organic substances is 
the relatively higher becomes the content of sulfuric acid and chlorin. The 
statements of Wislicenus express the same: “A poorer soil quality, that is, 
soil constitution of less value physically and chemically, soils specifically 
unsuitable for the plant genus or primarily insufficient, excessive, or abnor- 
mally varying water content of the soil create a predisposition to disease 
from smoke; among them the chief factor is the lack of water.” 

The fact that the conditions in a forest become different because of the 
falling of the needles and the dying of the branches, indeed, that the appear- 
ance of deciduous trees is changed, that the trunks become almost entirely 
free from lichens', and that the .bark of the trunks of beeches takes on a 
peculiar grey tone, may be mentioned only in passing. The statements of 
V. Schroder and Reuss point directly to the change in soil constitution. 
They still say that an accumulation of undecayed needles is formed under 
spruces chronically injured by smoke and a complete absence of all living 
vegetation is noticeable as far as the dropping from the tree extends. This 
indicates a “poisoning of the soil.” This is proved by Reuss’ experiments, 
in which he carried soil from a smoke filled region into a zone free from 
smoke and set out plants in it. After three years, the loss in i to 2-year-old 
seedlings of the ash amounted to 100 per cent., of the maple 92 per cent., 
of the beech 72 per cent., of the spruce and pine 8 per cent., and of the 
oak, none. 

Wider' has now taken in hand especially the question of soil poisoning 
and has proved that under certain circumstances in smoky regions with a 
continued out-pouring of smoke, sulfurous acid could be proved to a depth 
of 30 cm. and had, therefore, not been changed into sulfuric acid. The 
latter will also remain uninjurious only so long as it can combine with 
bases. If these bases are used up in neutralization and are washed away by 
rain the humic acid present finds no possibility of combination. In fact, all 
the soil tests made by Wider, from regions injl^d by smoke, showed great 
amounts of humic acid. Calcium, which could have combined with the 
humic acid produced is, therefore, not present in these soils. The other 
bases, however, with which the humic acid forms soluble compounds (mag- 
nesium and iron) must have disappeared from the soil. Thereby, naturally, 
the absorptive power of the soil becomes poorer for other mineral nutritive 
substances. This refers also to the alkali forming soluble compounds of 


1 Lindaii, loc. cit., p. 120. 

2 Wieler, Neuere IJntersuchungen, etc., p. 814. 



723 


humic acid which likewise pass into the subsoil. The lack of calcium makes 
more difficult the decomposition of the humus substances and the nitrogen 
enclosed in them remains inaccessible to the plants. At times the bacterial 
flora is scanty in acid soils. The free sulfurous and sulfuric acids may act 
injuriously also on animal organisms such as earth worms. Soils in smoky 
localities will become impoverished or poisoned by all these factors. 

Wider ascribes the death of plants and especially chronic injuries to 
the scantier absorption capacity of soil, which has been poisoned and weak- 
ened by sulfuric acid or also by hydrochloric acid, but certainly goes too 
far into this, since all experiments show that the direct contact with the 
smoke forms the chief cause of death of the aerial organs: also comparative 
chemical analyses of the foliage and of the soil from which it is produced, 
do not always indicate an impoverishment of the supply of bases, but at 
times, in fact, a strong increase of calcium and magnesium' Yet, neverthe- 
less, this aspect of the effect of acid smoke remains of the greatest impor- 
tance and the attention of practical workers should be directed to period- 
ically repealed application of calcium to the soil. 

We must refer to special works for the influence of currents of air and 
their constitution, especially their water content, as well as for proving acids 
in the air and the regulations for overcoming injuries due to smoke. We 
would like to mention only that Ost" has given a simple method for deter- 
mining the amount of sulfuric acid in the air. He saturated small pieces 
of cloth with corrosive barite and dried them. He then hung them in 
exposed positions in the places where the experiments were being made and 
after a certain time investigated their sulfuric acid content. By this method 
even pure mountain air showed a certain amount of sulfuric acid as its 
normal mixture, which must increase significantly in the neighborhood of 
villages. We have found recently in a lecture by the chief forestry com- 
missioner, Reuss^ a summary of the requirements of foresters for the pro- 
tection of the forest against smoke. , He indicates the necessity of forming 
indemnification societies in regions where many factories are placed close 


The fact should nob be left unconsidered that when damages are 
demanded the objection is raised not infrequently by the ^ ^ 

and factories that eating by insects is the chief cause. In "‘“f- 
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Hydrochloric Acid and Chlorin. 

Besides sulfur, hard coal also contains chlorin in the form of sodium 
chlorid'. The chlorin content varies between o.l to 2.0 per cent. Leadbetter 
found in hard coal 0.009 to 0.028 per cent, of chlorin’*. This, however, could 
not be proved in the ash and must, therefore, have been forced out with the 
volatile substances. Meinecke has also directly proved the presence of 
chlorin in the gases of blast furnaces” and Smith* calls attention to the 
chlorin content of rain water in regions where hard coal is burned in consid- 
erable amounts. According to these statements, therefore, we must not 
consider any single injurious factor in the smoke of hard coal but different 
combinations of several factors. The difference will depend, on the one 
hand, on the composition of the coal and, on the other hand, on its use 
industrially. 

Because of the rapid formation of hydrochloric acid from chlorin in the 
presence of moisture and light both these factors must be treated together. 
In connection with sulfuric acid, mention has already been made of the 
impoverishment taking place possibly from the continued action of hydro- 
chloric acid in the soil. The action of direct solutions of chlorin alkalies 
will be mentioned in connection with cooking salt. The action on the plant 
varies according to its species, the season of the year, or the place and 
individual development. In general, this results in a bleaching and drying 
of the leaf edges, or also of the intercostal fields in which chlorin vapor acts 
more quickly than does hydrochloric gas. In contrast to sulfurous acid, 
however, dry leaf edges preponderate here. It was observed in the experi- 
ments made by Kamann and Sorauer (see Sulfurous Acid) that spruces 
sprinkled with water absorbed, on an average, less chlorin than plants not 
moistened. 

The studies on the changes in anatomy have up to the present led to 
contradictory results. Thus Lindau** observed in Abies an alteration only 
at and near the stomata, while Kinderman” confirms the investigations of 
Leitgeb and Molisch, that the guard cells possess the greatest power of 
resistance to injurious factors (among others, acids), which probably arises 
from a special constitution of the cytoplasm. 

Because of the uncertainty of results up to the present time, I will 
repeat here briefly the results of my own studies on grain and spruce’. At 
first the heavy general falling off in reproduction which the plants undergo, 
because of the hydrochloric vapors, and which manifests itself in the quan-. 
titative proportions and the formation of the grain, has been found to be very 

> Hasenclever, tfber die Beschadigung der Vegetation durch saure Gase. 1S79, 
p. 9. Berlin, Springer. 

2 Ciiemical News 1860, No. 46. 

a Dlngler's Journal 1876, p. 217. 

♦ Bericht iiber die EntwicRiung der cliem. Industrie von A. W. Holman, 1875. 

6 Loc. cit, p. 244. 

« Kindermann, V. tiber die auilallende Widerstandskraft der Schliesszelien 
gegen schadliche Einfliisse; cit. Just Bot. Jahreaber. 1903, II, p. 653. 

I Sorauer, P, Beitrag zur anatomischen Analyse rauchbeschadigter Pflanzen. 
Landwirtsch. JahrbUcher 1904, p. 687. 
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pronounced; this confirms the investigations of Wider and Hartleb'. Such 
an effect can occur without an indication of a disturbance in growth by any 
striking external characteristics. As a rule, however, this disturbance in 
growth is accompanied by a discoloration of the chloroplasts and their subse- 
quent balling. There then follows a contraction of the primordial sack and 
a shrivelling of the chlorophyll grains. The leaf thus injured may still at 
times live out its life normally, depending upon the intensity and length of 
action of the chlorin. Usually, however, it dies prematurely, in part or 
entirely. In the latter case, principally the leaf parts die, for which, because 
of their position and the lesser development of mesophyll and vascular 
bundles, the supply of water is acquired less easily and is smaller; these are 
the tips and edges of the leaf. Therefore, we find dry, discolored leaf tips 
in grain and narrow dry outlines on both sides of the lower part of the leaf 
surface which still remains green. As a result of rapid death, a compara- 
tively important condition is found in the cell content of the dead parts. 
The drying with the retention of air in the tissue is connected with a shriv- 
elling of the cells ; yet in such a way that the walls of each cell do not touch 
one- another. The natural process of drying, on the other hand, which 
occurs only after complete impoverishment of the cell content, is character- 
ized by the entire collapse of the mesophyll cells, in which the upper wall 
falls against the lower wall and the whole flesh of the leaf, formerly green, 
represents a pale straw colored strip of dense tissue with curving walls lying 
upon one another in layers. The collapse of the cells in different varieties 
of grain, with the exception of barley, extends almost entirely in the meso- 
phyll during the natural process of drying, while the epidermal cells retain 
approximately their normal height. In barley (characterized by practical 
workers as “soft”) , the epidermal cells also collapse in a natural death. But 
in this, some of the widest cells of the upper surface form an outward fold. 
In a cross-section through the dead leaf this appears as a conical protuber- 
ance resembling a hair and gives the whole cross-section the appearance of a 


thin, knotty spiny cord. . , , ■ , . j- j 

Because of the importance of distinguishing a leaf which has died a 

natural death from one destroyed prematurely by acid gases, we will lUus- 
tratc a leaf injured by acids and one which has died norrnally Fig 162 r 
is the cross-section through the edge of an oat leaf dried by hydrochloric 
acid, or chlorin vapor. It is seen that the tissue has shrivelled greatly 
especially between the ribs (the intercostal fields) without the mesophyll 
having had time to become empty. The cell contents appear a dirty green 
to a brownish green color and variously contracted. The walls of the bast 
layers at the angles of the leaf {B) and below the vascular bundles {b) like 
the epidermis are colored a reddish yellow to a browmsh yellow and he 
epideLal cells in places (s) are so dried that the upper wall touches the 
lower wall. Fig. 162, 2 is a magnified cell group from .62, r, showing the 
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Fig. 162, S illustrates the cross-section through a normally dried oat 
leaf from a locality free frtim smoke. In the cross-section the leaf appears 
as thin as a cord because the mcsophyll (V) is approximately empty and the 
cell walls have collapsed. The leaf does not shrivel in the same way around 
the larger vascular bundles because the strong layers of bast serve as stiffen- 
ing ; they look like knots in the cord-like form. In spite of the great drying 
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from the normal since it has assumed a lemon yellow color in the walls of 
the bast layers and epidermal cells. The intensity of the discoloration is 
connected with the quality of tannin. In observing differences in color one 
must work quickly, since the coloring matter is soluble in water. 

All that has been said here of grain varieties may not be applied without 
limitation to other plants. As a general occurrence may be considered only 
the fact that in all kinds of sudden death, the cell contents are abundantly 



Fig. 164. Birch leaves injured by sulfurous acid. (After v, Schroder and Reuss.) 



Fig. 165. Rose leaf and Fig. 166. Beech leaves 

injured by hydrochloric acid or chlorin fumes. (After v. Schroder and Reuss.) 


retained, while they are for the most part used up in respiration when the 
leaf has lived out its life naturally. 

In order'to emphasize the habitual differences in the manner of attack 
of the vapors of sulfurous and hydrochloric acids we will give here illustra- 
tions of injured leaves copied from the repeatedly cited works of v. Schroder 
and Reuss. 

In Fig. 163 we see a leaf of a red beech taken from the vicinity of a 
silver smelter, which had been injured by SOj. Fig. 164 shows a birch leaf 
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■from the neighborhood of a copper mill likewise injured by SOj. The com- 
mon characteristic consists of more or less sharply defined brown specks in 
the intercostal fields. The spots are usually surrounded by a brown zone 
which may vary in, tone. In many trees (for example, the red beech) a 
transparent yellowish green band of diseased but not dead tissue is found 
around this peripheral zone. 

Figures 165, 166 and 167 illustrate leaves from a rose plant, a beech 
and a birch, which have been artificially injured by hydrochloric acid. They 
have the dry periphery, which may usually be observed after the action of 
pure chlorin vapor. Nevertheless, it should be emphasized that in testing 
smoke effect no definite conclusion may be drawn from such structural 
pictures showing the habit of growth, because, on the one hand, the forms 
of injury vary according to 
the individual hjbitat and de- 
velopment of the tree and, on 
the other, different factors 
may produce similar injuries. 

Hydrofluoric Acid. 

More often than was for- 
merly supposed, hydrofluoric 
acid produced by the opera- 
tion of superphosphate, glass 
and chemical factories has 
proved injurious to vegeta- 
tion. The fact, at first so 
puzzling, that smoke from 
kilns and terra cotta factories 
is very injurious in many 
cases and in others non-inju- 
rious has been explained by 
this action of the acid. The 
difference in effect depends j 

upon the presence and amount of fluorin compounds to be found m the clay 
and raw phosphates. According to Ost, action manifests itself m small 
brown, corroded spots which in many plants are surrounded by a yellowish 
zone. Smoke experiments carried on by other investigators produced m oak 
leaves narrow, yellowish brown, sharply defined peripheral discolorations 
The Norway maple showed similar traceiy along the edges of the leaves and 
the leaf surface and later also turned brown. Lindau' describes the ana^ 
■ 1 a-*- -n the nak He found both of the epidermal layers to be 

had an oily appearance. 



Fie 167. Birch leaves Injured by hydrochloric 
acid or chlorin tllines. (After v. Schriidcr anJ 
Reuss.) 


1 Loc. clt., p. 250. 
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In regard to the forest trees, which come most under consideration, we 
find it stated that the spruce, even one day after artificial smoking, shows 
some shoots with a whitish gray discoloration; in fact, they had wilted. 
After a second smoking the little trees were set out of doors, where the color 
tone, which originally had been a whitish, yellowish gray, passed through all 
the gradations from yellow and yellowish red to the "characteristic red of 
injury from acids.” 

Pines, larches, and acacias, like the spruce, were found to be discolored 
in the vicinity of a phosphate factory where hydrofluoric vapors were devel- 
oped in the removal of phosphorite containing the calcium-fluorin by the 
. use of sulfuric acidk Mayrhofer- was able to prove a strikingly high 
content of fluorin in the needles and leaves at a distance of 500 to 600 m. 
from the factory. The effect of such an exhalati^ may be absolutely 
destructive to grain. Thus Rhode®* observed that in some plots rye devel- 
oped no kernels at all, or only deformed ones. 

My own investigations were made only on preserved material of ‘dead 
spruce needles which I had received from Professor Ramann, but, what is 
most important, the condition found in them agreed with the effects obtained 
with sulfurous acid. Only, in the needles affected by the hydrofluoric acid, I 
found, however, a wrinkling of the tissues as a result of the shrivelling of 
the cell walls. It must be concluded from this that the drying of the needles, 
which appears so quickly with the use of sulfurous acid, takes place only 
after the direct action of the acid has already produced a change in the form 
of the tissues. The contents, how'ever, had not dried against the walls as in 
the action of sulfurous atid, and, on this account, could not have contributed 
to the stiffening of the walls themselves. 

Nitric Acid. 

We find only one note by Konig'* on the influences of nitric acid (or 
nitrogen tetroxid). With 5 grains nitric acid (reckoned on nitrogen 
tetroxid) to 100, exx) 1. of air or 0.05 g. of nitrogen tetroxid in one cubic metre 
• of air, he found characteristics occurring in trees which resembled those 
appearing after the action of sulfurous acid and hydrochloric acid. The air 
generally contains only 0.00003 S- nitric acid in one cubic metre. 

Ammonia. 

Ammonia and ammonium carbonate in quantities far beyond that of the 
usual content of the air, which at most may be assumed to be 0.056 mg. per 
cubic metre, were found to favor growth. In general manufacturing pro- 
cesses, however (ammonium sodium processes, etc.), such large amounts 

1 Allgem. Forst. ii Jagclzcitung 1891, p. 220. 

2 Mayrho^r, J. fber Fllanzenbeschadigung. veranlaast durch den Betrieb 
einer Supei-phosphatfabrlk. Frele Vereinigung d. Bayr. Vertreter fiir angewandte 
Chemie. Vol. X, p. 127. 

3 Rhode, A. SchadigiiTig von Roggenreldern durch die etner Superphos- 
phatfabrik entstromenden Gase. Zeitschr. t Pflanzenkrankh. 1895, p. 135. 

* Kbnlg, Denkschrift 1896, p. 202. 
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.become free that they produce injuries, although the plants in general are 
found to be very resistent. The sensitiveness of different species varies 
greatly, but the kind of injury shows a great uniformity; namely, a black 
coloration occurring in spots or surfaces. 

Experiments made by Bomer, Haselhoff and K6uig> exhibited in the 
oak the appearance of dark spots or a complete blackening of the leaves. In 
the cherry at first a brown color was seen and later blacks After a short 
exposure to the action of ammonia the Ipaves and blades of barley were 
bleached white on the side turned toward the sun. Rye and wheat showed 
rusty spots and edges. 

In addition to the ca.scs already known in literature, I will add here a 
few of my own observations. I found the leaf tips of barley turning white.' 
The intercostal field^of young chestnut leaves were dark at first, but became 
black the next day and later dried up. The foliage of some of the red blos- 
soming varieties of Azalea indica beliaved similarly, while in a variety stand- 
ing cearby but bearing white blossoms only a browning of the leaf tips and 
edges appeared. Along t]ie edges of the outermost tips of blossoms of the 
red variety, white, nearly round, or wedge-shaped spots resembling a natural 
variegation were found, while blossoms of the white variety within the same 
Icn^h of time remain unchanged with the exception of scattered small, 
hrojvn spots. No after effects could be perceived after the plants had been 
removed f rom the ammonia atmosphere ; but there was some reaction in the 
inflorescence of a cineraria. The red, enter blossoms which had turned blue 
from the ammonia, became red again some time after their removal from 
the ammoniacal atmosphere. 

The spruce furnishes an example of the influence of the developmental 
stage on the amount of injury. The old needles took on a pitch black color 
and were retained, while the color tone of the young, delicate needles, at first 
a dirty green, later passed over into a faded, reddish yellow. The individual 
power of resistance in the different needles is shown especially clearly in an 
experiment in which some needles could be observed on branches, among 
the pitch black ones, which showed noi discoloration or at most only a 
darker green. The black color was due mainly to the pitch black color tone 
which the protoplasma of (he epidermis and mesophyll cells had assumed. 
The cell walls were only slightly brown. In the cells most injured the 
contents had beedme a consistent, granular, doughy mass, which at times had 
drawn back from the walls. The content.s of the guard cells of the stomata 
were also pitchy black, never red, as in injuries due to acids. In the transi- 
tional places between tissue which had remained healthy and that which had 
blackened, it was noticed that the protoplasmic mass in which the chloro- 
plasts were imbedded had already turned black, while these granules ap- 


1 Zeitsclir. f. Pflanzenkrankh. 1S93, p. 100. Undau (loc clt..p, p6) describes 
he action ot the stronsrly concentrated ammonia gas on the plant cell, m the 
nteS o( the teat the cells usiiaily show very stronir plasroolysw the contents 
lecome indistinct and at times drops of oil are exuded, in this a brown to b^ck 
Sr^ mTor is given S Which tinges the entire cont, -acted contents. Thrs 
)roves later to be a ferment. 
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peared unchanged in form and position. Only later the green coloring 
matter in the protoplasm was found to have changed and become a dirty 
brownish green. ‘ Then the ground substances of the chloroplasts united 
with the other cell contents apparently leaving behind some granular 
remnants. 

The ammonia might also exercise some special poisonous effect on the 
cell contents besides combining with the acids as has been assumed in another 
place. Kny' ha.s already called attention to the fact that, according to the 
statements quoted in the literature on this subject, the protoplasm in very 
different parts of the plant possesses an alkaline reaction without having 
influenced the chloroplasts. The same author has shown that a very dilute 
ammonia solution injures the assimilatory activity. 

In one case, where the wall of a stable was used as the back wall of a 
greenhouse, the way in which ammoniacal poisoning may often take place 
was clearly demonstrated. When the heat was turned on in the autumn, 
ammonium carbonate developed from the wall, which, in a short time, 
blackened the leaves of Aucuha, Viburnum Tims, Prunus Lauroccrasus, 
the Dracaenae and other plants in the greenhouse. Only the tissue immedi- 
ately adjoining the veins of the leaves remained green. 

Tar and Asphalt Fumes. 

The discoveries concerning the injuries of tar and asphalt fumes have 
been explained only recently, since the material for observation has become 
more abundant. Aside from the effect which the asphalting of streets can 
produce at time.s in sensitive plants, the factories preparing the carbons for 
arc lights are to be considered as essential causes of disease. 

Roses rich in tannic acid, strawberry leaves, Ampelopsis quinque folia 
and chestnuts should be named as the most important plants showing injury 
from asphalt fumes^. Different varieties of roses suffer in very different 
degrees ; for example. Tea and Bengal Roses are less affected ; Remontants 
and their hybrids, however, are for the most part very severely attacked. 
Parts of the outer membrane, or the whole leaf surfaces become a dull black. 
Usually if the whole surface is not discolored (Fig. l68 la) the blackened 
places occur as interrupted or connected bands between the larger lateral 
ribs, that is, in the intercostal fields. If the .sepals have been affected by 
the fumes, the blossom buds unfold only poorly. Soon after the appearance 
of the blackening, the contents of the epidermal cells of the upper side will 
be found deeply browned, granular and lumpy, and usually deposited along 
one of the horizontal walls. The cuticle is not browned and apparently 
unchanged. When the leaf is more diseased, the epidermis of the under 
side becomes affected in the same way and later collapses. On the other 
hand, the mesophyll is but little irritated. The fumes act only on the exposed 
surfaces of tht organs; all the covered parts (Fig. iG8 ib) remain un- 

1 Bot, Centralbl. 1898, Vol, L,XXIII, p. 4.10. 

2 Sorauer, P. Die Beschadigungen der Vegetation durch AsphaltdUmpfe 
Zeltschr. r. Pflanzenkrankh. 1897, p. 10. 
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changed. If the middle part of the leaf is injured, the edges curl up like 
the sides of a boat. 

Attention should be called in passing to the fact that in many roses 
(for example, Rosa turbinata), a similar discoloration appears in the late 
autumn. In this rose, for example, I found that the older leaves, still 
hanging on the stems, had become dully spotted with black without any 
previous red coloration; this arose from the contraction and browning of 
the contents of the epidermal cells. These cells, however, retained their 
natural turgidity and height, but began to collapse after having been affected 
by asphalt fumes. In this the contents of the mesophyll also retain their 
normal consistency and position for some time, while, in the autumn colora- 
tion, they contract at once and change into uniform masses, at first green, 
but later turning brown. Under the microscope parasitic blackening 
(Asteroma radiosum, etc.) can be distinguished easily from asphalt cor- 
rosion. 

Before I began my experiments, Alten and Jannicke' had already 
described, the blackening of roses and strawberries caused by the action of 
asphalt fumes. They considered the iron which was proved present in these 
fumes to be the actual injurious factor since it combined with the tannic 
acid of the cells and they supported this theory by experiments in which 
they produced black spots, corresponding to those in asphalt injuries, by 
sprinkling the leaves with ferrous chlorid and ferric sulphate. Ferric 
chlorid did not have this effect. 

I could not obtain this result and observers who have sprayed with iron 
solution as a means of overcoming chlorosis an'd icterus do not report any 
blackening. 

In the strawberry leaf illustrated in Fig. i68, s (a cultivated form of 
Fragaria chilensis), only a partial blackening of the upper side is found at 
g because only this part of the leaf had lain free; otherwise the phenomena 
were similar to those in roses, the curling of the leaf edges, the partial dry- 
ing of the leaf serrations, etc. 

In Fig. i68 j we see a leaf of Ampelopsis quinquefolia a few weeks after 
it had been acted upon by tar fumes from a factory making electric light 
carbons. The less diseased leaves weijj found to be still green but not out- 
spread ; the edges were curled up like bowls and the inside of the blade 
wrinkled by the outpushing of some of the tissue lying between the finer 
ramifications of the veins. At times small places with a cork colored upper 
surface were found near the midrib. With more extensive injury, these 
places were always present and passed over partially into blight spots which 
became dry and ultimately united. Finally, each leaf may show very regular 
markings due to the;drying of the intercostal fields. (Fig. i68 yj.) The|p 
dry places often break away, due to the rubbing of the leaves against one 
another, thus producing a lattice-like perforation (Fig. i68 3/). 

1 Alten, H., und Jilnnicke, W, Elne Schddignng von Rosenbldttern durch 
Asphaltdampfe. Ref. Zeltschr. f. Pflanaenkrankh. 1891, p. 156 und 1892, p. 33. 
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Young branches become corky on the side affected and show fine cracks. 
Any existing air roots dry up. 

When the action of the a.sphalt fumes ceases, the leaf's attempt to heal 
itself at once become apparent. In case the palisade parenchyma has been 
only a little, if any, affected, it may elongate somewhat and slightly push out 
the epidermis, which has collapsed to a state of irrecoffnizability. If, how- 
ever, the palisade layer has also died the healthy underlying mesophyll 
develops a perfectly regular layer of flat cork cells. The same process may 
be noticed on the leaf stems : the brown, dead, ruptured, outer cork and 
parenchyma layers, together with the hard bast bundles which at times have 
also succumbed to the necrosis, are separated from the healthy tissue by a 
broad cork band which in extreme cases extends as far as the cambium. 

Vitis vinifera suffers sooner and more than does Ampelopsis, so that its 
leaves, at times, are curled entirely out of shape and perforated. In this it 
was observed that in places lightly affected the guard cells of the stomata 
had suffered first. Other plants behaved differently; in regard to these, 
reference must he made to my original work on the subject. The'corrosion 
of the epidermal cells, however, may be cited as the universal characteristic. 

As in all injuries due to gaseous bodies, the fact that the injury is 
chronic, or acute, determines the results; in the former case, with slower 
action, the organ affected can remain alive for some time by its counter 
action and may slowly live out its life. In this the characteristics differ 
from those found when the action is that of more highly concentrated gas 
waves, which result in a rapid death. Thus, for example, in the slow death 
of spr^ce needles, a strong, red discoloration of the cytoplasm of the guard 
cells and later, in fact, of their walls was perceived in the still green parts, 
but not if the injury was acute. The walls of the vascular bundles element 
also discolored; as always happens from asphalt fumes, the cell walls suffer 
especially quickly. This is seen very well m the older fir needles which 
acquire a metallic lustre. 

Bromine. 

In the ordinary industries in which bromine is produced injuries due 
to bromine alone may scarcely be spoken of because, as a rule, sulfurous 
acid works with it. At consider*>le distances from the factories the 
bromine may still be perceived by its odor, but no decided injuries from 
the acid. Therefore, any description of natural occurrences in the neigh- 
borhood of bromine factories may be omitted here and only 
plants under the artificial action of intense bromine fumes be described, 

I carried out experiments as follows for 4 days : , 1 u 

Small, well rooted spruce saplings in pots were exposed several hours 
«ch day to gaseous bromine, being left out of doors between times The 

branches nearest the bromine sources naturally ^ f 

needles turned brown. On the less injured branches many n^^dles were 
found to be partially brown from the tip back, while on the branches furthest 
lly from the couL of. the bromine only a few brown needles were found 
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among the healthy ones. The red brown, which in the beginning was very 
bright, soon turned into a gray brown. The needles kept this color until 
they fell, about two weeks later, bub this took place only on greatly injured 
branches. It was found in the discolored places of the slightly injured 
needles, remaining on the branches, that the walls of some groups of meso- 
phyll cells near the epidermis had turned a faded to reddish yellow, while 
the contents had lost their color and finally with a complete disorganization 
of the walls had dried up. In this they not infrequently passed through a 
stage of foamy consistency. For some time after the action of the gas the 
guard cells of the stomata seemed to have become discolored up to the 
healthy tissues only in the zones of transition whereby their walls had turned 
a brownish yellow. The epidermis was slightly browned ; the sub-epidermal 
prosenchymatous fibres were found to be colorless. The mesophyll near 
the brown places remained green and bad either a flocculent green content 
or the chloroplasts were united into lumps. Healthy tissue adjoined this 
immediately. 

At places more strongly injured the vascular bundles were also affected 
and discolored just as from sulfurous acid, but the color tone of the injured 
needles was only rarely a reddish brown. They were generally a yellowish 
brown and less hard, a fact distinguishing them from needles affected by 
SO,. The slight amount of difference is of less moment here because, as 
said above, in general injuries from bromine occur as a rule in connection 
with those caused by sulfurous acid. 



CHAPTER XVII. 

SOLID SUBSTANCES GIVEN OFF BY CHIMNEYS AND THE 
DISTILLATES THEY CONTAIN. 

The best survey of the material from the streams of smoke affecting 
vegetation is found in a table by Wislicenus* which we may repeat here un- 
changed because it is so very clear. 

No general decision can be reached as to the substances given in this 
table. Under certain circumstances they may become injurious and, indeed, 
very injurious but, in other cases, tliey do not cause any loss of crops worth 
mentioning. This depends not only upon the greater or less exposure of 
the plants but also on locally different, secondary conditions. Aside from the 
individual sensitiveness of different species of plants, the constitution of the 
soil and the weather at times become decisive, especially with fine flying 
ashes. 

It should be mentioned in connection with the injuriousness of tar 
vapor that tar vaport from lime kilns also cause injuries. In burning lime- 
stone, when the calcination begins, that is, the breaking down of the carbon- 
dioxid, the smoke becomes laden with great quantities of the distillates given 
in the table, which produce corrosions similar to those described under 
asphalt fumes. These vary with the plant. 

The injuriousness of soot was previously universally overestimated 
and is still, to some extent. The more recent investigations of v. Schmitz- 
Dumont and Wislicenus* confirm Stockhardt’s older discoveries, that soot 
is usually non-injurious. More delicate plants may show corrosion because 
of phenol, etc., carried in the soot. 

The theory of the stoppage of the stomata must be left undiscussed. 
According to my investigations of plants covered with soot the cases are 
very rare in which the soot particles have succeeded in getting into the 
cavities of the stomata, or actually have stopped them up, and even in these 
rare cases, I have not been able to perceive any change in the surrounding 
cells. Considerable quantities of extractive substances (sulfates and 
phenols) *must first be leached out from the soot before any injury may be 

1 Wislicenus, H. Zur Bcurteilung nnd Abwehr von Eauctechaden, Vortrag 
in Dresden am 31 Mai 1801, Zeitschr, 1. angewandte Chemie 1901, Part 28, Taf. V. 
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manifested. This is shown in Wislicenus’ experiments with the soot from 
hard coal, lignite and benzine, as well as extracts from soot, by means of 
which the leaves of the hombean and linden and later also spruce needles 
were slightly etched. Probably, as they dry up, the salts effect an osmotic 
removal of water and a drying of the cells. The same experiments also dis- 
pelled the fear that a thick coating of soot absorbs the light, changing it into 
heat and, therefore, acting disadvantageously. 

It is theoretically possible that the carbon dioxid carried in the smoke 
can act injuriously for even experiments with an extreme increase of this 
gas above the normal 0.04 to 0.06 per cent, have proved the retardation of 
assimilation but this can scarcely be spoken of in practical industry. The 
same holds good for carbonic oxid. 

The metallic elements of the smoke from smelters (see table) also enter 
into the question of the effect of flying ashes. According to Freytag’s inves- 
tigations’, pure metallic oxids are usually non-injurious. Naturally, foliage 
bearing such oxids cannot be used as food for animals, since they may easily 
cause inflammatory diseases. 

Also, these metallic elements such as insoluble oxids or carbonates and 
silicates scarcely injure the aerial parts of the plants more than does the 
street dust. Soluble compounds, on the other hand, such as arsenous acids, 
sulfates, and chlorides {copper, zinc, and lead) are principally concerned 
here and produce brown spots through the corrosion of the tissue, as soon as 
they are deposited on moist leaves. They are said not to injure dry foliage 
and a subsequent wetting from rain easily washes away the coating. Mer- 
cury fumes in the air always act very injuriously. The compounds washed 
into the soil by rain are absorbed by it and are usually non-injurious. A 
large accumulation of arsenic (more than o.i per cent.) is disadvantageous. 
Experiments made by Phillips’^ prove that healthy plants undergo no dis- 
turbances in growth from the taking up of lead and zinc, while copper acts 
as poisonously as arsenic and disturbs the root development. Klein“ and 
numerous, more recent observers furnish proof of the presence of arsenous 
acids in plants. Such poisoning of the soil may occur, for example, near 
copper smelters and in the litigation against the Mannsfeld-Hettstadter 
copper smelters Grouven refers especially to this point*. My own experi- 
ence in the same region shows that, at present, large surfaces of the fields 
have become poisoned and, despite very abundant fertilization, yield very 
meager harvests. The experiments in which soil which had become unfer- 
tile was carried from the vicinity of copper works to a region free from 
smoke prove that the gases in the smoke are not alone the injurious factors, 

1 Freytag, In Jahrb. ftir das Berg- und Htittehwesen Im Konigrelch Sachsen 
1873, pp. 24 and 36, clt, la Haseaclever. — ^Landwirtsch. Jabrb. 1882, p. 315-375. In 
regard to the action of smoke, the author differs from Schrbder inasmuch as be does 
not consider the sulfurous acid as such to be the injurious agent, but only the sul- 
furic acid which is being formed from it. 

2 Phillips. The absorption of Metallic Oxides by plants; cit. Bot. Centralbl. 
1S83, Vol. XIII, No. 11, p. 364. 

4 Chemischcr Ackersmann, 1875, Fart 4 . 

* FUhllng’s neue landwlrtsch. Z. 1871, Part 7, p. 534. 
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but also the soil which has been rich in copper salts. Even in the latter 
place, which is free from smoke, the plants (Phaseolus vulgaris) became 
diseased while those sown in the same region in soil which had always been 
there remained healthy and developed vigorously. 

An analysis of potatoes, of which the plants themselves were covered 
by the metallic dust from a nickel factory, shows how much of the metal 
may be taken up by the plants during one period of growth. The healthy 
foliage contained (in percentages of substances free from water and from 


sand) : 

Copper oxid 0.198 

Zinc oxid 0.169 

Nickel oxid 


The diseased foliage contained (in percentages of substances free from 
water and sand) : 


Copper oxid 0.0713 

Zinc oxid 0.1712 

Nickel oxid 0.0251 


Analyses of the tubers from these plants, however, did not give any 
zinc and nickel oxid, and only 0.0043 1**^’' copper oxid as contrasted 

with healthy tubers which contained 0.0041 per cent'. 

Besides copper as a poison the arsenic compounds are important because 
of their injuriousness. According to v. Schroder these impair vegetation 
even if present in the soil in amounts of less than o.i per cent. 

Nevertheless, the improved technique of manufacture takes care that 
more and more of the arsenic, as well as the soluble metal salts, is kept back 
from the smoke in the flying dust flues, so that at present a fresh metallic 
poisoning of the soil is less to be feared. 

And yet the throwing off of flying ashes requires increased attention. A 
number of my own experiments have shown that with many flying ashes 
which become mixed with the soil a visible increase of growth may be 
obtained, while those- from other industries have caused poisoning. . This is 
less often a direct injury to the aerial parts of the plants, but more fre- 
quently an indirect one, manifesting itself by its effects on certain heavy 
kinds of soil, rich in water. In agrial injuries, sodium sulfid and calcium 
sulfid can produce corrosion in some, more tender plants. The course of 
the action in the indirect injuries has not yet been sufficiently explained. 
In my opinion, reduction phenomena in the soil are partially concerned in it 

by which hydrogen sulfid is developed. , , . . 

In heavy soils deeply covered by flying ashes, especially if they have 
been heavily fertilized with lime, a phenomenon of disease appears to such 
an extent in barley (I have called it “spotted necrosis”) that the harvest is 
greatly reduced. All parts of the plants, even the beards of the glumes 
appear closely stippled with brown. The brown points represent centers of 

j. Denkschrift der LandwirtschafO. VerauchBStetion Mflnster i. W. 

1896, p. 204. 
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dead tissue of which parasites certainly are not the cause. Black fungi 
may later infest these spots and then this complication is described as the 
“Hormondendron” disease. The spotted necrosis is, however, not a disease 
peculiar to regions of flying ashes but it undoubtedly occurs most inten- 
sively there. I found it could be lessened by a heavy application of lime. 

The opinions handed down by Steffeck’ give the best references to the 
injurious action of hydrogen sullid. In them the repeated decrease in the 
value of the harvest by a mechanical coating of the soil is also considered. 
I also know of cases in which a deposition of ashes on vegetable plants, 
especially varieties of cabbage, was so heavy and could be removed to such 
a slight extent that the quality of the plants became poor, or they were abso- 
lutely unsalable. If fodder carrots and sugar beets had been heavily covered 
and their leaf heads used later as fodder some of the animals died. Incred- 
ibly large amounts of ashes were found in the stomachs of these animals. 

Hydrogen Sulfid. 

In consideration of our theory that hydrogen sulfid may he formed in 
certain heavy kinds of soil after flying ashes have been deposited on them, 
I made some experiments with barley. In some pots, pieces of potassium 
(poly sulfids) from sulphur liver were laid between the young barley plants ; 
in other they were put in the water in saucers in which the pots of barley 
stood. A piece of lead paper, laid between the plants, slowly turned brown. 
After six days the leaves began to turn yellow usually, in fact, beginning at 
the center, more rarely at the tip. The discolored areas appeared to be' 
more watery and transparent than when the yellow discoloration was pro- 
duced by other causes^. A wilting of the tissue followed the yellow discol- 
oration and a drying of the green leaf surface lying above it, together with 
the assumption of a grayish yellow color. 

The first symptom of the disease is always the bleaching of the chloro- 
phyll coloring matter, which at once begins to spread into the cytoplasm. 
This is not preceded, nor accompanied, as in other cases of poisoning, by a 
contraction of the primordial pouch (or a shrivelling of the chloroplasts). 
•Instead of this, in places, the passing over of the cell water into the inter- 
cellular spaces becomes noticeable, thereby explaining the transparent 
appearance of the yellowish areas. The outlines of the individual chloro 
plasts then disappear up to the appearance of a granular mass which is 
contracted in the centre of the whole cloudy, pale yellowish, green cypto- 
plasm. The impression given is that here the cell contents as a whole swell 
up into an uniform, doughy mass, while in the action of the hydrochlorin 
and hydrochloric acid shrivelling phenomena are perceived and, with sul- 
furous acid, a process of drying of the contents which remain differentiated. 

1 Steffeck, Die durch grewerbliche Einwirkungen hervorgerufenen FlurschS^den 
und Verunreinigungen von Wasserlaufen und Teichen. Magdeburger Zeitung 1907, 
Nos. 329 and 331. 

* Sorauer, P. Beitrag zur anatomischen Analyse rauchbeschUdigter Pflanzen. 
Landwirtseb. Jabrb. 1904, p. 043. 
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In oats the bleaching of the chlorophyll coloring matter was slower and less 
intensive. As a result of the subsequent diseased condition ■of the roots, 
the walls of the vascular bundle elements became a deep brown. 

Soda Dust. 

Ebermayer’ has reported on the injuriousness of sodium fumes. In 
the manufacture of cellulose, sodium lye, under high pressure, is permitted 
to act on pulverized pine wood. To get back the sodium, the lye used is 
vaporized and the residue burned to destroy the organic substances. In 
this way a considerable amount of sodium carbonate is freed in the air. The 
leaves of fruit trees near such factories appear brown or black and die after 
a short time. 

Leaves which had been dipped into a dilute sodium solution (i.oi 
specific gravity) took on the same color; apple leaves appeared to be some- 
what less resistant than pears and plums. 

In regard to soda dust, as yet only those cases have been known in 
which soda from ammonium soda factories was turned to dust by an 
improper method of ventilating the factory rooms. The soda dissolved by 
dew, or rain, easily produced in many trees an appearance of the injury from 
acid’ vapor, such as the dying of the edges of the leaves, or scattered cor- 
roded areas. 

In doubtful cases the expert is helped by the condition in wild grasses 
and especially grain stalks which assume a lemon yellow color. Grain can 
become sterile according to the time and intensity of the giving off of the 
' soda dust and trees may gradually be killed by the repeated annual injury 
to their leaves, Besides this, different plan^ species vary greatly in sensi- 
tiveness and often arc resistant to soda but sensitive to acid smoke, or 
conversely. My experiments on grain and wild grasses {Ayropyrum 
repens Agrostis vulgaris, Lolitira, etc.), in which I covered them with dust 
while wet with dew, gave the same yellow discoloration, even in the glumes, 
just as in natural injuries^ which were demonstrable at a distance of 2 kilo- 
meters from the factory. Konig’ observed that the edges o barley leaves 
became white. Red clover is said at first to show smaff black spots on the 
leaves, some of which later become entirely black and drop off. The same 
is true of potatoes. Kdnig found perforations near the brovvm edges of the 
leaves in oaks as in cherries. The needles of the white fir are said to 
become yellow at the tip and fall off. As a result of h.s ^ " 

considers the action of the soda to lie not only in a humification of the lea 
substances, but also in the taking up of soda by the leaves, -hmh it 
wanders down to the roots. An increase in acids, ^ * 

sulfuric acids, takes place at the same time with the increase of the amounts 

“T^Beltra. z«r PatUolo^e der^OP— « U. Naturt.-Vem. ™ 

Hamburg, cit. Biedermann s ^ 154 note. 

2 Zeltscb. f. PfianzenkranWi; 189A P. i » schadlichkeit von Sodaataub und 

3 Borner, Haselhoff tent Ton KBnig. Landwirtsch. Jahrb. XXI, 

Ammoniakgas auf die Vegetation Miwcteuv 

cit. Zeitsch. f. Plianzenkrankh. 189J. P- 



744 


of sodium'. Often the phosphoric acid and chlorin also increase. In the 
injuries due to acid gases this reaction of the plant body is shown also 
further by the fact that the leaves, not yet injured beyond a certain extent, 
contain more bases than do healthy ones. 

Control Plants. 

Reference must be made to technical handbooks for technical regula- 
tions regarding the avoidance or decrease of injuries due to smoke and 
(lying ashes. However, I would like to give here one method in clearing 
up the question whether the injuries already perceived are connected with 
the poisoning of the soil, or are due to the purely aerial action of gas waves 
containing acid. This method is that of control plant cultivation and is 
carried out as follows : Wooden cases, containing at least one cubic meter, 
are sunk in the fields in question and are filled with soil which, before 
witnesses, has been taken from a region free from smoke. On the other 
hand, soil taken from the fields in question is put in similar cases which are 
sunk in a field in a region free from smoke. Both series of cases are then 
sown in the same way with beans {Phaseolus vulgaris nanus) and harvested 
simultaneously after a number of weeks. The harvest is examined micro- 
scopically and chemically. 

The poisoning of the soil is proved by the fact that the plants grown 
in the soil taken from the fields in question but kept in cases in regions free 
from smoke become diseased with the same characteristics as those near the 
source of smoke. If, on the other hand, the beans from the cases filled 
with soil from a region free from smoke which had been sunk in the fields 
in question, near the injurious industrial establishment, show the charac- 
teristics of smoke poisoning, this then proves that the dangerous streams of 
smoke alone are sufficient to injure vegetation. 

These comparative cultures have the advantage of giving the contesting 
parties an insight into the kind of injury which is recognizable to the layman 
and thereby furnish the means of an unification of opinion, thus avoiding 
lengthy lawsuits. It is well in regard to these to strive for the formation of 
federal smoke commissions. We mean by this the appointed persons from 
among botanists, chemists, agriculturalists and foresters, who would meet 
together as a commission of specialists and would always be the same for 
the different districts. By retaining the same persons they would have a 
more exact insight into the special conditions of their districts and a more 
assured judgment in these difficult questions. 


Illuminating Gas and Acetylene. 

The injurious effect which illuminating gas exerts on plants has been 
ascribed to the hydrogen sulfid abundantly present in it. This is, how- 
ever, not th e only cause, for Kny'' has shown that gas, carefully purified 


I K(5nig (DenRschrift 1896, p. 207), found only in rye, despite a higher sodium 

seemed to him that the 

silicic acid was dissolved by the soda iii the glume and then washed away. 

Sitzungsber. d. Ges. naturforsch. Freunde zu Berlin in Bot. Zelt. 1871, p. 869. 
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from hydrogen, is still injurious to roots. I cmiclude from the violet gray 
color in many roots of trees injured by illuminating gas that some of the 
tars, or the ammonia, carried over in the gas are the injurious factors. For 
the present, this violet discoloration of the roots may be considered the best 
indication of the injury even if it is not an absolutely certain one. We must 
agree with Wehmer' that such root discolorations occur also in death due to 
other causes and that often in trees killed by illuminating gas in the soil 
this characteristic is found only sparingly. The later case is easily explained 
since only those roots discolor which come in direct contact with the injuri- 
ous agent and thus cause the death of the tree. The root dying subsequently 
remains uncolored. 

The different trees and shrubs show a great diversity in their power of 
resistance to the affect of gases. While in Kny’s experiments, for example, 
the elm died very soon, Cornus mnguinea withstood the poisoning of illum- 
inating gas without any perceptible injury. An analysis made by Girardin* 
shows how far the effect of a gas pipe may extend. According to it, the 
soil at the distance of one meter showed empyreumatic oils and sulfur and 
ammonium compounds. 

A further example of the different behavior of plants toward illumin- 
ating gas is given by Lacknerh His observations, however, relate to the 
effect which the gas is said to exert when burned in the room. Retention in 
a room where much gas is burned is very injurious to camilleas and azaleas 
and ivy is said to die at once. On the other hand, palms. Dracaenae, 
Aucuba japonica and other plants are found to be not at all sensitive to it. 

Richter’s experiments* prove that illuminating gas acts arrestingly on 
the growth in length of bean seedlings and other plants and favors the 
growth in thickness. It is not true that the amount of carbon dioxid, rapidly 
increasing by combustion, acts as injuriously on the plant body as on the 
animal body, as people were inclined to assume* ; it is rather to be supposed 
that different products of incomplete combustion of the illuminating sub- 
stances should be to blame for this. 


1 VVehmer, C. Cber einen Fall Intensiver Schadigung elner Allee durch ous- 
strdmendes Leuchtgas. Zeltschr. f. Pfianzenkrankh. 1900, p. 267. 

2 Jahresber. fiber Agrikulturchemie Jahrg. VII, 1866, p. 199, 

® Monutssclirift d. "Vsr, z. Bsford. d. G<irt6nb3.'U6s in d. r^rouss. 


und Laboratoriumalutt. Ber. d. D. Bot Ges,' 

1903^ repeat that with otherwise favorable conditions for growth, the presence 
of carbon dioxid up to a high percentage is useful, since it advances the production 
of plant substance as shown by the increased elimination of opgen. According to 
the Investigations of Godlewski (“Abhangigkeit der Sauerstoffnusscheidung der 
Blitter von dem Kohlensauregehalt der Buff in Swhs Arbeitcn des bot. Inst, of 
■Wurzburg, 1873, HI, p. 343-70) the optimum for the carbon dioxid content lies 
tremendously high (5 to 10%) in comparison with the content of the air. In this 
way “Sained the favorable action of hot beds and of the low sunken glMs houses 
Xe Sner wSed with horse immure. Here the high ^rbon dioxid produc- 
tioMroSanlc suhstancea wh« being^decomposed, m «nited^wi« ^the 

Snt“ forT luxuriant leaf growth. But to 

sUurereJchen Atmospharen, Compt, rend. 1904, Vol. 139, p. 883). 
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According to my experience with house plants, the dryness of the air 
is primarily the chief cause of death, and manifests itself in the drying of 
the leaf tips and edges. 

In regard to the effect of illuminating gas on roots, Bdhm's experi- 
ments*, with willow cuttings in bottles of water through which illuminating 
gas was passed, showed that the action was slowly fatal. The cuttings 
which died after 3 months had formed new short roots at the expense of 
the stored starch. The action was thus less intensive than it was when carbon 
dioxid was passed through the water. In this case all formation of new 
structures by the submerged stem was suppressed while the upper part, 
which formed tyloses in its ducts, developed sickly shoots. Death occurred 
after 2 months. In other experiments in which hydrogen was passed 
through the water, development was practically normal. (Compare the 
section on Excess of Carboiv Dioxid.) 

The plants also died when illuminating gas was introduced into the 
earth in their pots. Seeds, set in earth through which illuminating gas had 
passed for almost 2)4 years, developed more poorly. If a stream of atmos- 
pheric air was drawn through such soils for a considerable time, the soil did 
not lose its injurious effect entirely so that, as already stated, this effect may 
indeed be ascribed chiefly to the tarry products which are deposited in the 
soil in a fluid or solid form. 

Spath and Meyer^ found that even a comparatively small amount of gas 
(25 cu. ft. distributed daily on 14.19 sq. m. at a depth of 1.25 m.) killed the 
roots which came in contact with it. Even a greater quantity of gas was 
found to be less injurious if it reached the trees during their winter dormant 
period. Here too different varieties of trees display a different power of 
resistance. 

Most expedient at present seems to be Juergens’ method, as recom- 
mended by Bdhm, of laying the gas pipes through the streets, etc., in glazed 
terra cotta pipes which have openings leading to the light standards so that 
constant ventilation can take place within the terra cotta pipes. 

BriziMias made experiments in regard to ‘Acetylene poisoning. He 
found in one Italian city that Quercus Ilex died when growing alongside a 
pipe carrying this gas. Herbaceous plants died in pots and dried up if 
acetylene was introduced into the soil. The nuclei disappeared in the pali- 
sade cells of Coleus, the roots lost their hairs, the lateral roots seemed wilted, 
crushed and brown, the bark cells lacked all fluids. In Evonymous Japonka 
the plants in dry soil seemed perfectly normal after 7 days, while, in moist 
earth they had all dropped their leaves after the 6th day and most of the 
young roots had died. The laurel and the grapevine behaved similarly. 

1 tJber den Einfluas des Leuchtgaaes auf die Vegetation. Sitzungsber d. k. 
Akad. d. Wissench. zu Wein, Vol. LXVIII B. 

2 Spath and Meyer, Beobachtungen liber den Einfluss des Leuchtgases auf die 
Vegetation von Baumen. Landwlrtsch. Versuchsstat. 1878, p. 336. 

3 Brizi, U. Suite altetazioni prodotte alle piante coltivate dalle pHndlpali 
eraanazioni gasose degli stablllmente industrlali. Staz. aperlm. agrar. Ital. XXXVI; 
cit. Zeitschr. f. Pflanzenkrankh. 1904, p. 160. 
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Brizi considers the action of the gases contained in the acetylene and the 
admixtures to be a displacement of the normal air, containing oxygen, so 
that the roots suffocated and he thinks that illuminating gas will act similarly 
but more powerfully. The moisture in tlie soil, therefore, favors the injury 
because it reduces the imperviousness of the soil to the gas. This theory of 
Brizi’s of the suffocating effect on the roots exercised by illuminating gas, 
together with the products its contains, finds support in so far that I have 
perceived clearly the odor of butyric acid when cutting the roots of lindens 
■in Berlin after poisoning from gas and I could determine a violet brown 
discoloration of the membrane of roots of trees which had died because of 
stagnant water. 



CHAPTER XVIII. 


WASTE WATER. 


Water Containing Sodium Chlorid. 


Of all the injuries caused by waste water, the most common are those 
produced by sodium chlorid. These are found especially in regions where 
extensive hard coal mining takes place. From the experiments published 
by Konig* in association with Storp®, Bohmer,’ Stood* and Haselhoff®, We 
will quote a few figures about the composition of mine water which will 
suffice to show what quantities of sodium chlorid and other salts are con- 
tained in it at times. It contains per litre 


Name of Mining Sodium 
Company chlorid 

Levin 6 S' 949 g 

Matthias Stinnes.. 33.244 g 
Saline Konigsbom, 45.413 g 


Calcium Magnesium Potassium Magnesium 
chlorid chlorid sulfate sulfate 


1 1.056 g 3736 g 

3-631 g 1.735 g 

4.061 g 0.189 g 


0.659 g — 

— 0.042 g 

— '-aSbg 


From these examples it is easy to reckon the effect of irrigating, or 
flooding land with such solutions. The action will be direct, as well as 
indirect, according to the changes which the soil undergoes. In the latter 
connection, the fact that nutrient substances in the soil (Potassium, calciunf, 
magnesium, and, under certain circumstances, also phosphoric acid) are 
dissolved in increased amounts and washed away should receive first consid- 
eration. This leaching process begins with the percentage of 0.5 g. sodium 
chlorid per litre. Nevertheless, all water containing any considerable 
amount is dangerous for irrigation. Pot experiments with meadow grass 
show a considerable reduction in harvested substances corresponding to the 
loss in nutrition of the soil. 

A second disadvantage of irrigation with water containing sodium 
chlorid is the increased density of the soil. Even 0.41 per cent, sodium 


' Die landwirtsch VersuchsBtat. Munster 1. W. Denkschrlft 1896, J3. 163. 

2 Landwirtsch. Jahrbiicher 1883, XII. n. 795. ^ 

3 Ihid, p. 897. 0 

* Landwirtsch, VersuchsStat 1899, p. 113. 

“ liandwlrtscli. Jahrbiicher 1893, p. 845. 
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chlorid in the soil is enough to make it sterile because of the density. Sanna' 
found near salt works, a preponderance of fine earth over coarse particles and 
calls attention to.’the fact that the work of the soil bacteria is stopped by 
the decreased supply of air. Such soils must unquestionably be laid open in 
furrows before winter so that they may again undergo a breaking up by 
frost. Finally, one more point must be cited to which Preglion'^ has called 
attention. He studied the peculiar deforming of the ears which is called 
“Garbin”, and ascribed to the action of sea winds. According to him, how- 
ever, physiological drought is to blame for this. The salty soil holds the 
water so fast that the roots are not able to take it up in sufficient amounts. 

In regard to the direct effect, consideration must be given to the fact 
that a plant can particularly adjust itself to water containing salt, according 
to its own peculiarity, and change its habit of growth accordingly. Hoster- 
mann^ has proved that meadow grasses take on a xerophyte structure ; they 
become smaller and squattier; the intemodes shorter and the leaves smaller; 
the pl&nt growth is meagre and the root system develops weakly. Transpi- 
ration retrogresses and the energy of assimilation is arrested with 0.05 per 
cent. 'In regard to the germinating power of seeds, it has been observed 
that weak concentrations (0.5 to 0.75 per cent.) act favorably, but above 


that amount injury sets in. 

Areschoug* mentions other phenomena of adjustment, since he considers 
the retention of water in tissues not directly connected with assimilation 
(storage tracheids, slime cells) to be a protection against the accumulation of 
chlorids. Also, the hydathodes appear to eliminate water containing sodium 
chlorid. Diels* found that structural adjustment for arresting transpiration 
increases with the saltiness of the habitat. It might be concluded from this 
that vegetation from the coast would also behave differently in basins of 
water containing different amounts of salts. Rostrup® also actually calls atten- 
tion to this point. Pines suffer the most and birches the least. It is evident 
from the notes made by the Economic Society of the Province of Manbo 
. after the floods of 1858, '63, ’65 that the effect of salt water is greater the 
•more loam the soil contains. Of winter plants thus flooded, rye suffered more 
than wheat. In early spring seeding on land saturated with salt, barley and 
peas were injured most of all. Mangelwurzels, potatoes, white clover and 
ray grass did not seem to suffer very much from the effect of salty soil. On 
the' other hand, red clover was very sensitive. In Wohltmanns experi- 


i Sanna, A., Eiafluas de^ Seesal.es aaf die Pflanzen. Staa. sperim. XXXVII; cit. 

do sodium, etd; clt. Zeltschnft ttlr 

Pflanzenkrankh. 1904, p. 222. aut die VeBetation von Wiesengrasem. 

» Hbatermann, Einfluss des aut^ 1903, p. 211. 

Landwirtsclj. Jahrb ? unteVsuchungen uber ^cn Blattbau der Mangrovepflanzen. 

Bibl. cU- Bot. Jahresber 190Mt P- 296. ^ ^ jahresber. 

6 Diels, L. Stotfwechsel und btrumur u « 

1898, 1, p. 606. j • r\ HA IK 

« Rostrup, Plantepatologi, p. 74. 



merits' with artificial sodium chlorid fertilization, barley and wheat (among 
summer grains) showed great sensitiveness, while winter wheat throve fairly 
well even with heavy additions of salt. Peas failed entirely with a strong 
fertilization; oats were more resistent. Winter rye was found to be the 
least sensitive. In potatoes, the starch content was much decreased ; the 
protein content not affected; the amount of ash increased. In sugar and 
fodder beets the quantity harvested was increased without a decrease of the 
sugar content. Their descent from coast plants may be noticed in this. 

The effect of salty soil manifests itself in trees only after they have 
stored up the salt for some time. Weber' is an advocate of the theory that, 
in many cases, it is not the excess of salt but the marshiness of the soil which 
causes death. He found in the yellowed branches of SoHx viminalis in the 
valley of the Lahn near Bersenbruck, where the mine water flows in from 
Eversburg, that the leaves had a chlorid content of . 1.309 per cent., while 
those of healthy plants contained only 0.877 P®’' We find abundant 

statements concerning the behavior of decorative plants in Otto’s book'. He 
gives,, as a universal characteristic, the reddening of the tips of plants before 
they die. 

Aside from mine wafer, a high content of sodium chlorid manifests itself 
in the sewage fields. In summer the concentration of the liquid sewage 
becomes relatively large and many plants are found “to scorch” as the 
gardener on such fields says. Tobacco has proved to be very sensitive so 
that up to the present there has been a complete failure of the tobacco crops, 
as emphasized by Ehrenberg*, who has considered very thoroughly all the 
injuries due to liquid sewage. 

Besides the sodium chlorid the amount of magnesium chlorid also comes 
under consideration. The effects of the leaching action are changed, as the 
experiments of Fricke, Haselhoff, and Konig* have proved. While irriga- 
tion with water containing sodium chlorid results in an increased removal 
of calcium, magnesium, and potassium, yet from water containing mag- 
nesium chlorid, the calcium, potassium and sodium are lost and the mag- 
nesium is retained. In irrigation with water containing calcium chlorid, the* 
calcium will be retained by the soil and plants, while considerable amounts of 
magnesium, potassium and sodium arc lost. 

In large cities, however, the question of injury from sodium chlorid has 
still a different side, that is, in its use in thawing street railways. Besides 
this, coarse salt is strewn on the pavements bj' many householders. In 
Berlin, this is forbidden, to be sure, but the police is often deceived by the 


1 Wohltmann, F. Die Wirkung dcr Koctisalzdun^ng auf unsere FeldfrUchte. 
Landw. Zeit f. d. Rheinprovinz 1904, p. 46. 

2 Weber, C. Kritische Bemerkuniren usw.; cit. Bot. Jahresber. 1898, II, p. 301. 

3 Otto, R. tJber durch kochsalzhalti/T^s Waaser veruraachte PflanzenschS-dl- 
ffungen. Zeltach. f. Pflanzenkrankh. 1904, p. 136. 

* Ehrenberg, Paul, Einige Bt-obachtungen Ober Pflanzenachadigungen durch 
hptiljauchenberieselung. Zeltschr. f. Pflanzenkrankh. 1906, p. 198. 

Fricke, Haselhoff, E., u, Kdnig, J., ttber die Verftnderungen und Wlrkungen 
des Rieselwassers. Landwirtsch. Jahrbucher 1893, p. 801. 
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mixing of salt with sand'. The salt used to remove the snow melts and 
passes into the soil where the street is not asphalted. In the spring the trees 
start to grow hut die during the course of the summer. Here, too, the 
different varieties display different degrees of resistance’. Besides this, the 
action of a solution of sodium chlorid varies according to whether it is con- 
stantly sprinkled on the roots or whether the soil dries out between times. 
The latter case is the more dangerous one. 

Extensive injuries have also been found near volcanoes due to the effect 
of the vapors. The sulfurous acid occurring in varying amounts in the 
vapor mixture, and also the hydrochloric acid and hydrogen sulfid, may well 
be the chief causes of the poisoning. They might also give rise to the 
destructive effect of the showers of ashes; yet this has been ascribed also by 
some observers to the extensively deposited sodium chlorid. According to 
Pasquale’s reports’, some of the red and violet colors of blossoms change to 
blue (Papaver, Rosa and Gladiolus), some remain unchanged {Viola tri- 
color, Convolvulus, Digitalis). The green parts of the plants become brown, 
during a fall of ashes occurring at the time the trees begin to grow, just as 
after burning or drying but not scalding. .Succulent and leathery leaves did 
not suffer. Mechapical effects from the showers of ashes, such as a possible 
stoppage of the stomata, could not be confirmed immediately. They seemed, 
however, to make themselves felt after some days. 

Sprengcr*, who describes the results of the Vesuvius eruption in April, 
1906, advocates the same theory as does Pasqualc. 


Waste Water Containino Calcium Chlorid and Magnesium Chlorid. 

These are found abundantly in mine water from hard coal mines, in the 
mother liquor flowing away from salt works and baths, in factories preparing 
calcium chlorid, and potassium salts, in the waste waters of ammonium 
sodium factories, etc. The analysis of the neutral fluid, which flows from 
the kettles to which the ammonium chlorid obtained in the manufacture of 
ammonium sodium is decomposed, shows, for example, what amounts come 
‘under consideration in these cases. Konig’ found m i liter 80.^ go 
sodium chlorid, 56.00 g. calcium chlorid, 1.02 g sodium 
tests, which were strongly alkaline, less of the substances named were found 

but in place of these, sodium sulfate and 3 to S g- of 

’ . p.p coil have already been considered in the pre- 
changes m composition ‘o ^ ,,„e that favorable tffects 

vious section, but it should still be empnasir.eu e 

have been observed if weak amounts are given 

liter). The germination of seeds was increased. Raspberries and straw 

1 Weiss, A. Zeitsch. f. OArteubau mit Salz- 

wasser“e S’e steheoden'Eaume. TijUschrlft over Plantenzlekten 

^^^^3^‘PasquaIe. Di ^'^terreich. Gartenzeitung 

4 Sprenger, C., VegeuiTiou mm 
1906, Vol. VTI. 

8 Denkschrift, p. 
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berries were found to be very large and brightly colored on the soil saturated 
with calcium chllrid. The fruit, however, tasted of calcium chlorid and 
did not keep welP. 

Bakium Chlorid. 

This is a comparatively less important element, which is found only at 
times in the waste waters of hard coal mines. Its poisonous action has been 
proved by Haselhoff“ in water cultures of maisc and horsebeans. Growth in 
height was arrested ; the leaves wilted and fell. In nature, however, direct 
injury will occur only rarely, because the sulfurous salts rapidly transform 
it into insoluble and non-injurious barium sulfate 

Waste Water Containing Zinc Sulfate. 

Kdnig’ has paid especial attention to the investigations of such waters 
from Zinc Blend Mines. It was proved that the brooks which take up the 
waste water contained sulfurous nine oxide in solution. An evident retro- 
gression in the yield and in places a very poor growth was noticed on 
meadows thus watered. The grasses grown on such sterile places, as well 
as the deformed, bushy beech and maple trees, contained up to 2.78 per cent, 
of their ash in zinc, while the ash of normal meadow plants did not contain 
this metal. Vegetation dies in places where zinc ore happens to be deposited 
accidentally. Only one specific zinc plant (the “white mineral blossom”) 
was still visible. This “mineral copper blossom” contained not less than 1 1 
to 15 per cent, zinc oxid in its ash. It is thus seen how differently the 
various plants behave and what high concentrations may often be endured. 
The injuries appear only after a considerable number of years, after the 
zinc oxid present in very small amounts in the water of the brook has accu- 
mulated to considerable quantities. Kdnig is justified in concluding from 
this that the requirement made upon mines by the Concession Department 
that only clear water be allowed to flow away into the streams is not enough 
protection to the owners of meadows. 

The books supplement the discoveries mentioned, one of which by 
A. Baumann* treats exclusively of the effects of zinc salts on plants and soil ; 
while another, by Nobbe, Bassler and Wilff takes up injuries due to arsenic 
and lead as well as zinc. 

It must be emphasized, from the results of Baumann’s experiments, that 
the zinc sulfate in solution is much more injurious to plants than had been 
supposed up to that time. Small amounts (possibly .1% zinc, that is, 4.4 mg. 
zinc vitriol in a litre) have been proved absolutely non-injurious in all the 
plants under experimentation (13 species from 7 families) with the excep- 

1 Denkschrift, p. 161. 

2 Landwirtsch Jalirbiicher 1895, p. 962. 

3 Kdnig, Untersuchungen fiber Beschadigungen von Boden u. Pflanzen durch 
industrielle Abflusswksser und Case; cit, in Biedennaim’s Centralbl. 1879, p. 564. 

* Baumann, A,, Das Verhalten von Zinksalzen gregen Pflanzen und im Boden. 
Preisschrift 1884. Landwirtsch. Versuchsstat. Vol. XXXI. Part 1, p. 1. 

5 Nobbe, Bassler und 'Will, Untersuchungen fiber die Qlftwirkung des Arsen, 
Blei und Zink Im pflanzUchen Organismus. Landwirtsch. Versuchsstat Vol. XXX, 
Parts 5 and 6. 
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tion of the radish. Conifers are very resistent. They withstood a solution 
containing i per cent, zinc while the Angiosperms died witfc even 5 mg. zinc 
per litre and, indeed, older plants died in general more quickly than did 
young ones. 

The effect of the poison manifests itself by a striking change in color of 
the diseased plants. Scattered smalt areas of a metallic lustre on a rusty 
yellow color appear on the leaves and finally spread over the whole surface. 
The fact that the zinc attacks the chlorophyll apparatus especially, thereby 
hindering the work of assimilation, is proved by the observation that seed- 
lings in which the chlorophyll grains are not yet matured as well as plants 
grown in the dark and fungi behave indifferently to relatively highly con- 
centrated zinc solutions. 

Zinc carbonate and zinc sulfate placed in the soil exercise an injurious 
effect. In themselves, to be sure, they are not injurious although they are 
soluble in pretty considerable amounts in water containing carbon dioxid, 
whereby the zinc sulfid is first changed to zinc carbonate. But their dan- 
gerous action lies in the transformation which the zinc undergoes in the 
form of vitriol with the potassium, calcium, and magnesium salts. In this 
these nutrient substances become soluble and may be wasted away. In poor 
sandy soils sterility may, indeed, be produced and the injuriousness off irri- 
gation with waste water from zinc smelters lies especially in this removal of 
the nutrient substances. 

The injurious solubility of zinc in the soil depends essentially on the 
amount of calcium carbonate contained in it. In the presence of this min- 
eral to possibly four times the amount of the zinc sulfid no more zinc will 
be dissolved. A soil ruined by zinc sulfate can be improved by the addition 
of substances which render the soluble zinc salts insoluble. Humus has 
been proved to be splendid and, on this account, fertilization with moor soil 
can be recommended. In the absence of this, abundant stable manure, clay, 
or marl may be used. Marl, or calcium, must be given under all conditions. 

Tschirch mentions, in regard to injuries due to lead salts, that a peculiar 
kind of dwarfing is produced. The plants which have received i kg. mennig 
(red oxid of lead) to 2 sqm. of surface remain small and do not bloom (lead- 
nanism) Devaux“ found that lead solutions in a dilution of 1-10,000,000 
acted injuriously. This metal was fi.xed by the cell wall and contents. 

To purify waters containing zinc sulfate, the use of filtering layers of 
limestone dust and moor earth could be recommended; insoluble carbonic 
and humic zinc oxid is formed in them. 


Water Containing Iron Sulfate. 

■ The waste water from mines and washeries of sulfur silicate and from 
hard coal mines, the water which drains from piles of hard coal culm and 


1 Tschirch, A., Das Kupfer vom Standpunkt der gerlchtlicheh Chemie usw. 

“‘^‘DevS “bsorption des poisons mdtalliaues Ws diluds par lea cellules 
5g6to.S S.pt rend. 1901, cit Jusfs Jahresber. 1902, H, p. 363. 
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the waste water from wire factories usually contains iron ^ulfate. Besides 
this, the use ofHerrous sulfate as a disinfectant in cesspools should also be 
taken into consideration. Large amounts of iron 'sulfid are thus produced ■ 
which, through oxidation in the air, are transformed into iron sulfate and 
sulfurous iron oxid. 

The ferrous oxid, like zinc from zinc sulfate, is retained by the soil and 
changed to ferric oxid, while a corresponding quantity of other bases, such 
as calcium, magnesium, and potassium, combine with the sulfuric acid and 
are easily washed away. This impoverishment of the soil is accompanied by 
an increase of magnetic oxid which initiates a souring and choking of the 
ground. As soon as the bases for the transformation of the iron sulfate are 
exhausted, the ferrous sulfate remains untransposed, or appears also as free 
sulfuric acid. 

However useful small amounts may be on rich soils (up to 150 kg. per 
hectare, according to Konig’), since the sulfuric acid, thus set free, must act 
as a loosening medium, just as injurious will be a continued addition of iron 
sulfate with constant irrigation of pastures. Experiments show that if acid 
compounds are given the plants instead of the basic salts which alone favor 
their growth (iron sulfate is strongly acid) a deterioration of the hay results 
and a decrease in the yield of milk. The different clovers and sweet grasses 
(possibly with the exception of Glyceria fluitans) disappear gradually from 
such pastures and sour grasses, the horsetails (Equisetum) and mosses take 
possession of the soil. An addition of lime water causes the elimination of 
ferrous hydroxid with the formation of gypsum and it will thus be possible 
to purify waste water containing iron sulfate by the use of calcium. 

Waste Water Containing Coffer Sulfate and Copper Nitrate. ' 

Waste water from silver factories and brass foundries is concerned 
here. An insight into the composition of such water is given by an analysis 
of solutions flowing from a brass foundry published by Haselhoff*. He 
found in one liter : 

Copper sulfate, 51.619 g ; Copper nitrate, 5.298 g ; Zinc sulfate, 14.045 g ; 
Ferrous sulfate, 2.422 g; Calcium sulfate, 1.943 g; Magnesum sulfate, 
0.459 g; nnd free Sulfuric acid (SO3), 30,376 g. This is, at any rate, a 
very extreme case, for it is one hundred times greater in the individual 
elements than is the content of the water which flows from copper works 
and silver factories. For the nature of the injury, however, fhe amount of 
the elements is unimportant, since small quantities produce the same effect 
when used in continual irrigation. The way. in which the sulfate and nitrate 
of the copper’ salts act on the soil is the same as with zinc and iron salts. 
Copper oxid is retained in the soil and remains chiefly in the upper surface 
of the pasture land. The sulfuric acid, which is set free, combines with the 
calcium, magnesium, and potassium, and these salts, with irrigation, pass 

1 Denkschrift, p. 17^ 

2 Haselhoff, Landwlrtscb. Jahrb. 1892, p. 268 and 1893, p. 848. Denksch., p. 176. 





into the subsoil. Aside from the impoverishment in basic nutritive sub- 
stances the copper sulfate (such plants as grasses, for inHance, take up 
rather considerable amounts of copper and zinc salts) acts finally also as a 
direct poison so far as cultural experiments in nutrient solutions^ have 
demonstrated. 

Masayasu Kanda" found that, in water cultures of peas, injuries 
appeared even with 0.000000249 P®r cent, of copper sulfate. On the other 
hand, if added to soil in a concentration a million times greater, it acted as 
a stimulant. The conditions are even more favorable for plants in natural 
soil. According to Tschirch^ almost all plants possess some copper since, 
indeed, all field soils may contain traces of it. The vegetation, on soils to 
which copper is added abundantly, fakes up usually but very little copper, 
so that the danger of poisoning is not imminent. This theory finds sub- 
stantiation also in the fact that in the very frequent use of copper sulfate as a 
spraying substance against parasitic diseases a constant enrichment of the 
soil takes place without any injuries being demonstrable with certainty. We 
personally believe, at any rate, that a time will come in which a constant 
addition of copper will make itself felt as a retardation to vegetation. 

The waste water containing nickel and cobalt found near nickel-rolling 
factories will act in the same way as described above. It may be mentioned 
here supplententarily that John* in 1819, in his book "The Feeding of 
Plants,” had studied sand and water cultures to which solutions of different 
metallic salts had been added. He proved thereby that sunflowers did not 
take up copper given them in the form of insoluble copper carbonate, while 
' peas and barley stored up great masses from a soil to which a solution of 
copper nitrate had been added drop by drop. 

The fact that local conditions sometimes make possible a beneficial use 
of the waste water but at other times cause injurious factors’ to be felt, 
prevents our consideration in more detail of tlie different industries. In 
this connection the poisonous peculiarity of the soil, due to its power of 
absorption, plays a principal part. Hattori’ calls especial attention to this 
in regard to copper salts. 

The injuries due to municipal irrigation with liquid sewage have been 
mentioned already in the section “Sewage Disposal Fields” (page 364). 


1 Otto, R, Untersuchungen fiber d^cs Verhalten der rflanzonwurzeln gegen 
Kuptersalzlosungen. Keitselir. f.' Pflanzenkrankb. ISM, p. Z-i 

»na der Kuptertrage. Zoitachritt 



CHAPTER XIX. 


INJURIOUS EFFECTS OF CULTURAL METHODS. 


A. Coating Substances. 

1. Tar. The inside of the framework of conservatories is often 
coated with tar in order to increase its resistance to great dampness. We 
are confronted with a long list of complaints that, after setting out the 
plants in the tarred greenhouses, a blackening and falling of the leaves 
takes place. I noticed the same phenomena near freshly tarred fences. The 
conditions found agree in all essentials with those described for asphalt 
fumes and are explained by the exhalations from the fresh tar coating. The 
injurious results do not appear if the tarring has taken place a few months 
before the plants are brought into the greenhouses. I found a method used 
in the vicinity of Berlin which acted as well. The boards and framework 
were treated with hard coal tar and after this had dried were coated with 
cement. 

An attempt has been made recently to keep the paths in gardens and 
public parks free from dust by means of a thin layer of tar. The process 
is much recommended* and the experiments made in France and Italy have 
shown that even paved streets can be treated advantageously in this way. 
This process necessitates, however, the edging of the path with a strip of 
galvanized tin 8 to lo cm. high, since the injurious elements of the tar would 
otherwise atta'ck the vegetation. This process, which despite its necessary 
annual renewal is said to be still cheaper than asphalting and less trouble- 
some than oiling, or the treatment of the streets with “Westrumit,” must 
still be tested by further experiments. 

2. Refuse from Gas Works. According to a report from Mr. 
Klitzing, at Ludwigslustr where roads on sandy soil have been hardened by 
the use of such refuse, a dying back of the street trees was caused. 

3. White Lead. In a case of which I have heard, it was necessary to 
put potted plants in greenhouses a short time after these had been .coated 
with white lead, and then the unpleasant discovery was made that the plants 
dropped their leaves. 

I Das Teeren von Fuss- und FaJirwegen In Gftrten und Parks. Der Handels- 
gartner, herausgeg. von Thalacker, Leipzig-Gohlis 1906. No. BO. 
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4- Oil Fumes. Korff* used lead oxid as an addition to boiling linseed 
oil in order to test experimentally the influence of oil fumes. He was led 
to make these experiments by the injuries which had occurred near a 
linseed oil and varnish factory. Just as in the decomposition of fats by 
alkali, a mixture of fatty acid alkalies, soap, is produced, a mixture of cor- 
responding lead salts, lead plaster, is formed similarly by the decomposing 
of fat with lead oxid. In both cases glycerine occurs as a by-product. 
When the glycerine, or fat, is heated to a high temperature fumes of akrolein 
are formed which smell like scorched fat and quickly pass over, through 
oxidation, into an akroyl acid which is recognized by its suffocating odor. 
Yellow red to brown spots are produced in the intercostal fields, or along 
the edges of the leaves according to the nature of the plant. These increase 
in size with longer action, spread and actually unite. Most of the cells of 
the leaf mesophyll, especially of the spongy parenchyma, collapse because 
of the loss of turgidity. The cell contents contract from the walls and 
the chloroplasts form greenish yellow to brown masses. Finally the struc- 
tureless cell contents and walls become brown. The elimination of tannin 
is especially noticeable in the epidermal cells, the contents of which take on 
a bluish black color with ferric chlorid. The flesh of apples and pears 
which have been exposed for 4 hours to the oil fumes has an oily rancid 
taste. 

Since akrolein, obtained by boiling glycerin, produced the same phe- 
nomena the injuries from oil fumes may in all essentials be ascribed to this 


substance. 

5. Turpentine Fumes. Molz* made experiments on the effect of 
turpentine fumes, because a case was brqMght him for observation in which 
■ the leaves of grapevines were said to have been injured by the fresh coating 
of oil in the grape house. The action of turpentine fumes on the grape 
leaves became noticeable after a half hour in the slight discoloration of the 
edges and the increased purling; after an hour, apple leaves showed a 
weakly reddish browning; after three hours, an intense dark red brown 
discoloration of the upper side. The grape leaves became an ohve brown. 
At times some green areas were found within the brown surface, so that 
the leaves looked dappled. Rose leaves turned an olive brown ; pear leaves, 
a shiny, blackish gray. Molz suspects the cause to be a process of oxy- 
dation produced by “the existence of 'terpentinozone and its action on the 

‘bradoxydable’ substances of the cell. • j ti, iinnH 

6 Carbolineum. Like tar, Carhohneum is used, on the one hand, as 

a coating substance for the framework of greenhouses, hot stakes etc 
in order to increase the resistance of the wood to moisture, on the otoer 
hand, as a remedy for injuries to trees and a means ° 
insects. The great difference in opinion as to its effectiveness is due in part 

1 Korff, G., tlber Einwirkung iron Oldampfen aut die Pflanzen. Prakt. B 

Pflanzenbau u. pflanzensebutz 1909, Pan • j cartenbau zu Geisenhelm 

2 Berlcbt der Kgl. Lehranstalt lur Wem 

a. Rh. 1905. 



758 


to unsuitable manipulation and also because "carbolineum” is a general 
term ; the different kinds have ^lifferent compositions and effects according 
to the factories producing them. 

In general, all that has been said of tar holds good for the use of car- 
bolineum as a coating substance. If plants are brought into rooms where 
the carbolineum coating has not dried sufficiently, they suffer and, at times, 
show symptoms resembling those produced by asphalt fumes. Thus, for 
example, Zorn in Hofheim (Taunus) reports' that the leaves of strawberry 
plants set out in hot beds of which only the outer side had been painted with 
carbolineum, became a peculiar brown, very shiny and curled. Under the 
subject of coating the tips of grapevine stakes, a “Chronique agricole”^ calls 
attention to the fact that even when such stakes have been painted in the 
winter and the young shoots of the grapevine have already overgrown the 
painted part in spring, unpleasaqf phenomena can still occur. Some berries 
on the bunches which touched the saturated spots were found with blackish 
brown spots and had a slightly tarry taste. Also the saturated parts of the 
stake were found less resistant to fungi than those treated with copper 
vitriol. It was noticed in a peach trellis which was painted in the autumn 
and exposed to the weather for the whole winter that, nevertheless, in the 
spring after every rain the youngest tips of the shoots looked as if they had 
been burned. Such occurrences are by no means uncommon. It is the 
vaporizing phenol and similar bodies which cause the injury. 

Since 1899 carbolineum has been used extensively as a remedy applied 
directly to fruit trees’. As to the results, we find some unusually laudatory 
opinions, some very harsh ones. The reason for this lies, on the one hand, 
in the difference in carrying out the experiments ; on the other, in the vary- 
ing composition of the substance which is a mixture procured in the produc- 
tion of tar from hard coal and charcoal. If the tar which is produced in 
the manufacture of gas from hard coal together with the illuminating 
gas, coke and ammonia water, is reheated in a distilling apparatus up to a 
temperature of 150 degrees C., so-called light oil is obtained; between 150 
degrees and 210 degrees C. middle oil; between 210 degrees and 270 degrees 
C. heavy oil, and between 270 degrees and 450 degrees C. anthracene’. 

The pitch remains in the oven. Wood tar behaves in much the same 
way. In preparing carbolineum the oils above named are used since they 
are mixed in definite percentages and decomposed with kolophonium, 
asphalt, boiled linseed oil, etc. Aderhold* states that, at the present time, 
possibly 80 carbolineum factories furnish the trade with 200 to 300 varieties. 
The distillation experiments made by Scherpe in the Biological Institution 
of Agriculture and Forestry with 25 varieties proved that often the (espe- 
cially injurious) light and middle oils were absent and the heavy and 

r Praktischer Ratgeber Im Obst- and Gartenbau 190B. Ng. Bl. 

2 Chronique agrlcote du canton de Vaud 1892, No. 10. 

• Mende, O., Zur Obstbaumpfiege. Oartenflora, 1906. No. 1. 

* Aderhold, R., Karbollneum ale Baumecbutzmittel. Deuteche Obstbauzeitung 
(Ulmer-Stuttgart) 1906, Part 22. 
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anthracene oils alone were present, while in other varieties the opposite was 
found to be true. Accordingly, the results ‘in treating wounds were very 
different. While normal overgrowth occurred with some, with others there 
was a very visible increase in the size of the wounds due to the dying back 
of their edges. 

But, aside from this, the carbolineum as a means of closing wounds, 
even in the viscid varieties abounding in pitch and asphalt, does not stand 
comparison with plain hard coal tar, for Aderhold has observed that a few 
weeks after the painting, fungus species had already appeared on the car- 
bolineum surfaces. Since the painted surface may also crack, undgr the 
influence of the atmospharilia, such fungi have a good opportunity of pene- 
trating into the wood. 

In regard to the very fluid kinds of carbolineum, that is, those rich in 
light and middle oils, which are warmly Recommended for coating trees 
attacked by red aphis and scale', the promptness of their action in killing 
insects is unmistakable, but its protection is not permanent. The recoloni- 
zation of the painted wounds by red aphis has been repeatedly confirmed. 
To this should be added, however, the often observed injury to the buds 
which cannot be avoided in painting or spraying the trees and which is to 
be ascribed especially to the vaporization and direct action of the light oils. 
Therefore, the substances shotjld be diluted. It is advisable to use the 
commercial carbolineum varieties which are soluble in water and to add 
them to lime water up to about 20 per cent.* ; even an addition of 10 per 
cent, acts favorably*. 

An action directly favoring growth is said to have been observed in 
trunks thus coated*, and also the increase of the chlorophyll content of the 
■ painted bark has been microscopically determined in Brunswick with the 
use of a definite brand*. We believe that this result is due to the fact that 
in coating smooth barked trunks tears are frequently produced in the bark 
which must be overgrown subsequently. An increased bark activity in the 
overgrowth walls has also been proved in common scarification. 

The use of this substance as a coating for trees is advisable only during 
the dormant period and in fact with some tested brand. "Schacht’s fruit 
tree earbolineum” (containing 20 to 30 per cent.) has been repeatedly 
recommended*. We would never advise spraying in summer. As a means 
of closing wounds we would prefer coal tar because not only Aderhold’s 
discoveries, but also' experiments made by Schweinbez' in Hohenheim., and 
our own have shown no advantage in the use of carbolineum. Its recom- 


1 Baumann, R. G^senhdm Fi^t. Ratgeb^ 

“ Man. JnSL und Pflanzenac'hutz, herausg. v. Hlltnar. 

1906, November. 

» G?I^t)rr ™meumversuche im Jahre ISOS, PraRt Blatter f. Pnanzen- 
bau und Pflanzensohutz, 1907, Part 3. 

« Steffen In Prakt. Ratgeber 1906, p. 23. 

I Vom KarboUneum. Gartenflora 1906, p. 
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mendation as a remedy for chronic gummy exudations is based at least upon 
self-delusion if not the exigencies of advertising. 

Schweinbez holds the same opinion of the related substances “Tuv”, 
“Dendrin”, “Baumschutz”, “Neptun”. 

7. Lyzol. Formerly lysol had its enthusiastic adherents and doubters 
just as carbolineum has them now. The Ly solum purum of Scholke and 
Mayr in Hamburg, introduced into trade about the end of the 8o’s of the 
last century, is a transparent, brown, syrup-like fluid which remains dissolved 
and perfectly clear in pure water, and has been extensively used as a means 
of disinfection. In introducing it, it was said that, according to experi- 
ments, 3g. of lysol to a litre of liquid was enough “to destroy, in 15 to 20 
minutes, bacteria in all their developmental forms, if suspended in liquids.” 
We are concerned here with a solution of tar oils in neutral soap and, 
indeed, with the light tar oils (cresol), for they volatilize almost entirely 
between 187 and 200 degrees*. In contrast to other commercial products, 
like creoline, cresoline, Little’s Soluble Phenyle, which, as solutions of resin 
or fatty soap in tar oil only form emulsions with water and usually give off 
carburettcd hydrogen oil (Ethylene), when diluted, lysol has the advantage, 
at any rate, of complete solubility in water, but shares with the above 
preparations an injurious effect on the tissues of plants. It was used in 
horticulture mostly as a spraying substance for leaf lice, thrip, black fly, and 
other injurious insects. Otto’s* cultural experiments, made soon after the 
introduction of the substance, showed that 0.5 per cent, lysol solution, the 
one commonly used for disinfection, proves to be a severe poison for plants 
if added to the soil, even if it does not come directly in contact with the 
seeds or seedlings. With direct action, even in a much more diluted form, 
it attacks uncommonly sharply the roots of water cultures. It was used in 
a 0.25 to 0.5 per cent, solution as a protection against leaf lice. In this, 
however, it kills only some of the leaf lice, the majority of which die only 
with a 2 per cent, solution ; the plants were then so blackened and injured 
that they could not be considered capable of further life. 

8. Carbolic Acid, Amylocarbol, and Sapocarbol. The amylocarbol is 
a mixture of soft soap, fusel oil, and pure carbolic acid. Sapocarbol is 
saponified carbolic acid. 

All substances containing carbolic acid are dangerous and usually 
directly fatal for plants. In Fleischer’s experiments* with the above prepa- 
rations, the sapocarbol in one per cent, solution was effective for leaf lice 
without any injury to the leaves from the spraying, with a few exceptions. 
In dilutions which completely kill the leaf lice, Pinosol and Creolin act injuri- 
ously since both can only be emulsified in water. The Antinonnin, the 


1 Zeitschr. f. Pflanzenkrankli. 1891, p. 185. 

2 Otto, R., tJber den schadlichen Einfluss von wasserigen, im Boden beflnd- 
lichen Lysollosungen usw. Vorl. Mitt. Zeitschr. f. Pflanzenkrankh. 1892, p. 70ff- 

3 Fleischer, E., Die Wasch.- und Sprltzmittel zur Bekampfung der Blattiause, 
Blutiausc u. ahnlicher Schadlings usw. Zeitsch, f. Pflanzenkrankh. 1891, p. 326. 



potassium salt of Ofthodinitvo-Cfcsol is more injurious to plants, according 
to Frank s experiments^, than to leaf lice and other animal parasites. 

9. Refuse from Lactic Acid factories. To those injuries we will add 
a case which we owe to a report from Mr. Klitzing of ’Ludwigslust. He 
noticed that the refuse from a factory which produced lactic acid from maize 
and potatoes, for the treatment of leather, caused the death of plants. 

10. -Calcium arsenite. The arsenic solutions which are being accepted 
more and more as a means for combating insects are used as a rule in the 
form of Schweinfurter green, or calcium arsenite. Injuries to the leaves 
have been observed in aqueous solutions as also in lime water or Bordeaux 
mixtures, or sodium arsenite calcium solutions. In general we would refer 
to the special books on the subject. 

11. Hydrocyanic acid. Fumigation with hydrocyanic acid has recently 
been accepted as a modem method of combating animal parasites in plants 
and has been developed especially in America. It may be said in general, in 
opposition to individual complaints of injuries to plants, that these should 
not prevent the use of this substance’. Townsend confirmed, for dry seeds, 
that the germinating capacity does not suffer if the action of the hydrocyanic 
gas is not continued longer than is necessary for killing animal life. A 
longer treatment, however, causes considerable injury. Moist seeds suffer 
more quickly and lose their power to germinate. 

12. Copper solutions. These come under consideration here only in 
so far as their injuriousness is concerned. Their usefulness as fungicides, 
which will be considejed in the second volume of this book, depends, in our 
opinion, chiefly upon the fact that the fungi give out ferments which dissolve 
the copper salts dried on the plant parts and thus poison themselves. 
Bordeaux mixture which, without doubt, is of great importance as a means 
for fighting fungi, may primarily favor growth, as its enthusiastic advocates 
would like to prove, but it cannot be acknowledged as a promotor of growth. 

Opinions as to whether the copper can penetrate through a normal 
cuticle in all plants are not unanimous. According to Bouygues* this is not 
the case. Rumm’ also could not prove the existence of copper m the tissue 
of sprayed leaves and believes that the favorable action can be traced only 
to the chemico-tactic stimulus. The electric currents, resulting from it, are 
said to cause the favorable effect in the leaf tissue. The question whether 
copper can react on the interior of any part of a plant and how, cannot be 
decided universally but must be taken into consideration case by case. Old 
cuticule, provided with a thick wax coating, will possibly not be attacked 


1 Kraukheiten der Yli fi<.biete der Pflanzenkrankh. Berlin, Paul 

lllf HoLung^ 4” chemischen Mlttel gegen 

Parey. Published since 1898. Hoiirung » ■ 

““end* W orCber die WAung gakormiger Blausdure new. Bot. Gas. 

4e cuivre 1; cit. Centralbl. f. Eakt. usw. 

^kumni, C., Zur Prage nach der Wirkung der Kuplerkaiksa.se usw. Ber. d. 
Deutsch. Bot Ges. 1893, p. 445. 
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while a young leaf can suffer. In older leaves, however, injuries may also 
occur in one case and not in another; the cuticle covering may be broken by 
atmospheric action (late frost) and the copper solution may remain for some 
time in these tears.. Finally, the specific sensitiveness of the plant variety is 
decisive, as will be shown in later examples. 

The first doubt as to the peculiarity of copper mixtures for favoring 
growth arose from the results of some spraying experiments made in 1891'. 
An arrestment in the development of potato plants could be proved as com- 
pared with unsprayed plants which remained healthy. The considerable 
amounts of starch and chlorophyll contained in leaves treated with copper 
which are considered as an indication of favoring growth were traced by 
Schander to the effect of the shade caused by the calcium copper coating-. 
Ewert confirms the effect of shading but calls attention to the fact that this 
may not be the only arresting factor^. Through the effect of the copper sub- 
stances, especially Bordeaux mixture, stoppages occur in the transference of 
the assimilates. The considerable amounts of starch and protein, here 
observed, are not the results of increased assimilation which, as has been 
jiroved, is repressed together with transpiration and respiration, but is the 
action of arrested transpiration. This point of view which we represent 
presupposes, at any rate, that copper actually enters the plant and this theory 
is substantiated by the fact that scientists who do not assume a penetration 
of the copper still find copper reactions in a number of their experiments 
(Frank and Kruger). Besides this, Ewert has also proved the presence of 
copper in plants sprayed with Bordeaux mixture. Later we will quote notes 
from Schander’s work as to the way in which the copper is taken up. 

In my opinion, the copper, entering through wounds, or through the 
epidermis of plants treated with copper mixtures, is combined at once with 
the proteins of the protoplasm and thereby reduces cell-life. Since spraying 
does not represent a complete wetting of all the leaf surface, certain areas 
remain healthy, between injured ones, and these must show an increased 
growth activity. This makes itself evident at times with an abundant 
supply of light and moisture, in the formation of intumescences. I described 
the first case of this kind in potatoes*. Later v. Schrenk” observed intu- 
mescences on cabbage plants as a result of their treatment with copper- 
ammonium-carbonate, copper chlorid, copper acetate, copper nitrate and 
copper sulfate. Very recently Muth“ has observed a very strong formation 

of intumescences in grape leaves after a treatment with copper. 

• 

1 Sorauer, p., Einige Beobachtungen bei der Anwendung von Kupfermittein 
gogen die Kartoffelkrankheit. Zeitnehr. f. Pflanzenkrankh. 189S, p. 82. 

^ Schander, E., Uber die physlologische Wirkung der Kupfervitrlolkalkbriihe. 
Inaug.- Dlss. Berlin 1904 und Lamdwirtsch. Jahrbiicher 1904, Parts 4 and 6. 

a Ewert, Der wechselseitlge Einfiuss des lAchtea und der KupferkalkbrUhen 
auf den Stoffwechsel der Pflanze. Landwlrtsch. Jahrbiicher 1905, p. 233. 

* Zeitsebr. f. Pflanzenkrankh. 1893, p. 122. 

® Schrenk, H. v,. Intumescences formed as a result of chemical stimulation. 
Sixteenth annual report Missouri Botanical Garden. May, 1905. Special reprint 

« Muth, Franz, ttber d. Beschddigung d. Rebenbl^ttern durch Kupferspritzmittel. 
Mittel. d. Deutsch. Weinbauvereins I. Jahrg. No. 1, p. 9. 



Such effects may be produced if the tissue is partially poisoned but does 
not actually die. They may also occur, however, when death actually takes 
place in which case the dead tissue areas in many plants fall oiit of the leaf, 
causing perforation. Such cases have recently been described by Schander’ . 
In connection with this, it is mentioned that Fuschia and Oenothera secrete 
acids which dissolve small amounts of copper hydroxid. Alkaline secretions 
have also been found (Phaseolus mulliflortis), or the copper is dissolved not 
by secretions of the leaf but simply by the atmospharillia, especially with 
continued wet weather. 

Ruhland* declares, on the other hand, that the assumption of a dissolv- 
ing of the copper by leaf secretions has no justification, and that this can be 
ascribed only to tlie atmospharillia. 

Reports as to the injuiy to foliage from spraying with copper have 
appeared as the process has been more generally used. In 1891 it was 
observed in fighting Peach rot that, 
after using Bordcau.x mixture, not 
only the leaves and blossoms fell, 
but the young wood also was in- 
jured®. The Amygdalaceae and 
especially peaches have been found 
to be especially sensitive. Bain‘ 
showed in his experiments with 
apple, grape and peach leaves that 
this is connected with the .specific 
sensitiveness of the protoplasm. He 
says that the peach leaf is able to 
dissolve copper oxid by a substance 
secreted on its upper surface. 

Young leaves suffer most. The in- 
jured part of the leaf is then cut off 
by a cork layer and thrown off 
( Shot disease, which Aderhold® has also described for the cherry) . Severely 
diseased peach leaves fall but the apple leaf, as well as the grape, possesses 
the ability to continue assimilation by means of the remaining lamina. 

According to Hedrick’s' more recent studies, peaches, apricots, and 
• Japanese plums are the most sensitive fruit trees, while the common plum is 
not affected more severely than tire pear, apple or quince. The different 
varieties behave differently. The most highly cultivated examples, with the 



ififl. An apple with brown spots and 
cracks. (After Hedrick.) 
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most watery leaves, suffer most. Atmospheric conditions have great influ- 
ence, and on them depends the more delicate, or coarser development of the 
leaves and especially of their cuticule. The year 1905 furnished the best 
proof in New York State. Its warm, misty, spring weather left the foliage 
very tender. Many apple growers declared that there was greater injury in 
that year than benefit from spraying with Bordeaux mixture. Hedrick 
cites examples in which spraying was unusually injurious when the following 
weather continued moist, while 8 days later after dry weather had set in the 
spraying did not have any bad effects. 



Fig. 170. Young apples with one-sided malformation, after spraying with Bordeaux 
mixture. (After Hedrick.) 



Fig. 171. Cross-section through the bark of a Baldwin apple injjured by spraying 
with Bordeaux mixture. (After Hedrick.) 

We have borrowed from the above mentioned author some illustrations 
of fruit and leaves which have been injured by spraying. The injury at 
first appears on the fruit in the form of small brown specks which spread to 
extensive rust markings (Fig. 169). If these injuries to the upper surface 
occur during the period of swelling, the growth of the fruit may become 
irregular (Fig. tyo), or gapping cracks may be produced in young apples. 
Fruit thus injured becomes mealy and easily decays. 

Microscopic investigation of the brown spots shows that the cuticle 
covering with its wax coating is destroyed (Fig. 171). The walls of the 
adjacent epidermal cells and the exposed flesh become greatly thickened and 
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give a cork-like appearance. They cannot respond any longer to the swelling 
of the fruit, which, therefore, cracks. The wound cork formed in the 
cracks, together with the tissue killed by the Bordeaux mixture, then causes 
the peculiar “rust figures” shown in Fig. 169. The amount of injury 
increases with the tenderness of the skin, which shows the initial stages of 
browning, as a rule, around a hair or a stoma. With the increasing age of 
the fruit, the hairs are thrown off normally and Icnticels are produced instead 


of stomata. In this the wax 
coating is thickened and the 
fruit becomes immune to the 
poisonous copper. Brown spots 
may be produced also on the 
leaves which at times repture 
(Fig. 172). Naturally the 
blossoms suffer most severely. 
It can be assumed with cer- 
tainty that in these blossoms 
the copper unites with the cell 
contents. Hedrick’s remark 
that a considerable addition of 
lime scarcely decreases the 
injui7 is worthy of consider- 
ation in regard to the prepa- 
ration of the Bordeaux mix- 
ture. This is treated more 
thoroughly in the second vol- 
ume of this book (page 521). 

All that is true of calcium 
copper mixtures holds good to 
a higher degree in the Asurine 
in which ammonia is used to 
neutralize the copper vitriol. 
Pure deep blue solutions are 
produced, according to the 
amounts of ammonia used, 
such as “Bouille Celeste and 



the "Asurine Siegwart,” or , 

especially with greater dilution basic copper compounds remain as a prec p - 

f-d i. the 

the greater is the danger of burning the leaves . 
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we must take up also the subject of anaesthetica. The favorable results 
which can be obtained, especially in the early forcing of lilacs, by a proper 
use of this method are certain beyortd doubt ; but with an incorrect use dis- 
advantageous results become noticeable. The action of ether, chrom-ether 
chloroform, nitrous oxid, morphine, cocaine, etc., as proved by repeated 
experiments, consists in retarding the complete development of protoplasmic 
activity. If, in this, the protoplasm undergoes a continued injury to its 
physical or chemical structure, death follows ; otherwise, the plant gradually 
returns to the normal activity.’. Naturally the effect depends upon the con- 
dition of the protoplasm. Thus, Coupin^ has proved that even an atmos- 
phere saturated with chloroform and ether can exert no influence on the 
protoplasm of seeds in a dormant stage. If, however, their life activity has 
been aroused, by moistening very small amounts (.00037) enough to 
cause injury. Yet the figures given here should not be considered as a 
standard, for aside from the individuality of the species even plants of the 
same species can develop a different power of resistance by self adjustment. 
Thus, for example, Townsend’ states that spores of Mucor and Penicillium 
ripened under a strong ether atmosphere germinated and produced spores 
just as quickly as when they had germinated in an atmosphere free from 
ether. The same observer mentioned that here and in other poisons very 
weak doses act as a stimulus and shorten the period of germination, while 
stronger doses are injurious. 

The observations of Markowine* give an insight into the kind of action. 
He draws the conclusion from his experiments that, in the long continued 
action of anaesthetizing vapors, respiration becomes considerably increased. 
He found that, under the influence of alcohol vapor, the respiration of 
etiolated plants was increased more than one and a half times ; ether acted 
still more strongly. 

We may assume here a specific response to stimulation. Behrens’ also 
holds this theory. He would like also to consider as a response to stimula- 
tion the hastened germination of seeds after mechanical injury which Hiltner 
ascribes to the facilitated absorption of water. Behrens bases his theory on ex- 
periments with injured seeds in which the wounded places were covered at 
once with colophoneum wax. Although the absorption of water by these grains 
did not seem increased as compared with normal grains, there appeared, never- 
theless, an appreciable increase of growth. Experiments with filing and 
other intentional injuries to hard shelled seeds proved, however, that even 
the mechanical facilitation of the entrance of water favors germination. 

> Kaufimnn, C., fiber die Einwlrkung der Anaesthetica auf das Protoplasma 
p 301 *™*” nloloslsch-physiologleche Elgenschaften; clt.. Just’s Jahresber. 1900, 11, 

3 Coupln, JI., Action des vapeurs anesthOslques sur la vitalltO des gralnes 
seches et des gralnes humides; clt Just's Jahresber. 1900. II, p. 301. 

* Townsend, C. O., The effect of ether upon the germination of seeds and 
spores; clt Just's Jahresber. 1899, II, p. 142. 

* Markowine, N., Recherches sur I'lnfluence des anesthOsloues sur la respiration 
des Plantes; clt Just’s Jahresber. 1899, II, p. 143. 

s Behrens, Bericht d, Groseherzogl, Badlscben Landwlrtsch. Versuchsanstalt 
Augustenberg f. d. Jahr. 1900. 
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Injuries Due to Fertilizers. 

I ; Chili saltpetre. Unfavorable -secondary and subsequent effects 
have often been observed with the use of Chili saltpetre. The cause lies in 
part in the presence of potassium-hyperchlorate. Numerous cultural experi- 
ments have proved that grain is especially sensitive and shows striking 
injuries with 2 per cent, hyperchlorate,, while alfalfa, peas and mustard 
could endure this concentration. In rye, a deformation of the plant was 
observed when grown as a late crop*. Vegetables, requiring hoeing, and 
sugar beets were not injured by 2 per cent, hyperchlorate to 200 to 500 kg. 
saltpetre per hectar^. jungner and Gerlach’ describe the formal changes in 
wheat and rye seedlings as follows : The primordial leaf remains for some 
time partially rolled and encloses the secondary leaf so firmly that it loosens 
its tip only with difficulty and consequently forms a loop, or knot, in which 
it is folded crosswise and rolled about its own axis ; it finally may even tear. 
At the same time a yellowing of the leaf tip takes place and a considerable 
reduction in the elongation of the whole plant. Retardation of germination 
will occur, in fact, according to the amount of hyperchlorate present. This 
has not been observed with weak doses. The forming of loops by leaves 
because of the retention of their tips in, the sheath of the next older leaf 
seems to be a marked characterization of grain when poisoned with hyper- 
chlorate. It is, however, not limited to grain, since similar phenomena occur 
in Tylenchus devastatrix*. 

Dafert and Halla® describe a case of the appearance of free iodine in 
Chili saltpetre which thus gave the odor of iodoform. The saltpetre con- 
tained 0.31 per cent. KCLO, and 0.04 per cent. KIO,. In such cases, how- 
ever, the danger is slight in general agriculture, since it is only necessary to 
expose the sacks of Chili saltpetre to the air in order to evaporate the iodine. 
Voelker®, among others, has showed that the iodids of manganese, potassium, 
sodium and lithium act injuriously while the oxids are proved to be favorable. 
In connection with his earlier experiments by which he proved the injurious- 
ness of larger amounts of sodium iodid and bromid and of lithium chlorid, 
while, on the other hand, an advance in germination was found when the 
seeds were moistened with more dilute solutions. Maze concludes that the 


1 Ullmann, Martin, In wrlnhem Grade ^“ctiSlbfrSkul- 

Die Regelung- des Verkehrs mit Ctiilisalpeter. Mcffie 1901. Cit, Centralbl. t. AgriKul 

turcheme 1903 Part 7^ Kenntnis des scUadlichen Einflusses dcs Chilisalpetera 

C Vf A landwirtsch Versuchswesen in Osterreich 1900, p. 3,'). 

3 und teria*. Versnel.e mit Kaliimiperehlorat. Jahresber. d. landw. 

versucta^tton m Jersitz.^ P”'^„^*,^IurauVur Gittwirkung des Chtlisalpeters. 

Ad!-Cbe?das Aultmten von Iroiem .Tod im ChUlsal- 
peter. Z- f- 3 - Jers^hswesen m osterm^ 

« Voelker, A., ® „d lithium auf Gerste und Welzen. Journ. 

RS^arA^^^c. loTS SaSi Vol. 64 and 65; cit. Centralhl, (. Agrikutturchemie 

1905, p. 715. , In geringer Mcnge enthaltcnen Mineral- 

T Maze, Einfiuss der Centralbl. f. Agrlkulturchemie 

stofte aut das Pflanzenwachstum. uieacrmauus 

1902, p. 6S6. 
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cell needs stimulation by such salts for the complete development of its 
functioning. Aso' has made similar discoveries as to the injuries due to 
stronger concentrations of sodium fluorid and the favoring of growth by 
very weak concentrations. Suzuki'^ has also found this to be true of 
potassium iodid. Similar discoveries have often been observed by others. 
Miani^ also reports the favorable action of copper solutions. 

2 : Superphosphate. We should hrielly consider the breaking down of 
phosphoric acid in superphosphate and Thomas meal in many soils which are 
rich in calcium and ferric oxid. In sour, marsh soil and sour meadow soil, 
rich in humus, retention of the phosphoric acid in a soluble form predomi- 
nates since water, carbon dioxid, humic acid and some salts act as solvents. 
In sandy soil containing humus but not acid the process of solution is approx- 
imately held in equilibruim with the process of transforming the dissolved 
phosphoric acid into less soluble forms but in loamy soils, containing calcium 
and iron, the process of decomposition preponderates, that is, the process of 
transforming the soluble phosphoric acid into phosphates which are dissolved 
with difficulty. Under such circumstances the use of Thomas meal in the 
spring would not be advisable. 

3 : Gas phosphate. Rhodanamraonium is found in different amounts 
in the refuse of gas factories. Tliis has attained a heightened agricultural 
significance since a fertilizer, containing nitrogen, has been produced by the 
purification of illuminating gas with superphosphate, and has been introduced 
in trade as “gas phosphate.” The acid phosphate has taken up the ammonia 
from the stream of illuminating gas but at the same time has retained the 
Rhodanammonium. Because of the repeatedly proven poisonous quality of 
this compound the purification of the fertilizer has been attempted by wash- 
ing the gas phosphate with a concentrated solution of ammonium sulfate 
in which the Rhodanammonium compounds are easily soluble. The amount 
of Rhodan compounds contained could be reduced thereby to 0.9 per cent, 
and, consequently, the direct use of this fertilizer has been recommended. 
It is, in fact, distinguished by its large content of phosphoric acid and 
nitrogen. 

The experimental results are contradictory in that favorable effects have 
been observed on sandy soil and unfavorable effects on loamy soils. This 
brought about the supposition that, in sandy soils, a more rapid decompo- 
sition of the Rhodanammonium into ammonia, nitric acid and sulfuric acid 
occurs whereby the poi.sonous effect is repressed. ^ This hypothesis is con- 
firmed by other experiments which demonstrate that in using the fertilizer 
some weeks before seeding, no injuries appear, while severe losses take place 
when it is used simultaneously with seeding. The same result was found 
in using dust from a blast furnace containing i per cent. Rhodanammonium. 

1 Abo, Bull. Coll. Agric. Tokyo: cit. Bot Jahresber. 1902, p. 353. 

2 Suzuki, S. ibid. 

3 Miaua, D., tJber Einwirkung von Kupleraultat aut das Wachstum lebender 
Pdanzenzelien. Ber. d. Deutsch. Bot, Ges. 1901, Part 7. * 
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The recent experiments of Haselhoff and Gdssel* leave no doubt as to 
the poisonous effect of Rhodanammonium, the decomposition of which even 
in sandy soil does not take place so easily as earlier examples seemed to 
prove. Even a very small amount, such as 0.0025 per cent., produces a con- 
siderable delay in germination and since the purified gas phosphate still 
contains 0.76 per cent. Rhodanammonium the above named scientists could 
not recommend it at all as a fertilizer, even with the difficult solubility of 
phosphoric acid. 

4: Ammonium sulfate. In connection with this, a case of injury 
due to ammonium sulfate should be mentioned here, which was previously 
unknown. A car full of plants (Azaleas), when opened, showed that the 
leaves had been partly blackened as. if from ammonia fumes. Subsequent 
investigations showed that the car had been used previously for the trans- 
portation of ammonia sulfate. Experiments made immediately proved that 
free ammonia developed in the presence of calcium. In the same way, fresh 
ammonium sulfate which has not been sufficiently dried and neutralized 
can develop ammonia and as in the case described in the section on am- 
monium fumes this can adhere to the walls and subsequently act injuriously. 

5 : Calcium nitrid. This recent product of our fertilizer industry still 
gives rise to repeated complaints. Calcium carbid used primarily in the pro- 
duction of the very bright illuminating gas, acetylene, and obtained from the 
interaction of lime and carbon in an electric oven is exposed in hermetically 
sealed iron mufflers to the action of nitrogen with intense heat and then 
furnishes the calcium nitrid as an unpurified calcium cyanamid with possibly 
20 to 24 per cent, nitrogen. This calcium nitrogen, or calcium cyanamid, has 
the peculiarity of giving off all its nitrogen in the form of ammonia when 
heated with water under pressure. By passing the ammonia through sulfuric 
acid it is possible to produce the valuable fertilizer, ammonium sulfate. 
The “calcium nitrid” (CaCN,) contains about 20 to 21 per cent, nitrogen; 
40 to 42 per cent, calcium and 17 to 18 per cent, carbon, besides impurities of 
silicic acid clay, traces of phosphoric acid, etc. By removing the calcium, 
there are produced Cyanamid (CN,NH.3) and the homologous Dicyandtamid 


[QN,(NH,),]. 

The calcium present in the calcium nitrogen, which acts as a strong 
alkali is partly free and partly combined in the form of calcium cyanamid, 
For this reason it should not be brought into contact with supersulfat 
because the phosphoric acid would then be made insoluble. The rules for its 
use are approximately as follows :=-Thc quantity used per hektar according 
to the constitution of the field, is 150 to 300 kg. corresponding to 30 to 60 kg. 
nitrogen To avoid the loss in dust the calcium nitrid is mixed with twice 
the amount of dry earth. This should be spread l to 2 weeks before the 


I Ti’ varsjin'hp iiber die Schadlichkeit dea Rhodanam- 
1 Haaelfhoff, E., u. ’ Zeitschr f. Pflanzenkrankh. 1904, p. 1. Bibll- 

monlums fUr das Pflanzenwachstum. -ieitscnr. 

KalksUckstoB nnd seine Verwendung in Gartenbau und Land- 
Trtrtschaft, Gartenflora, Berlin. 1906, Part 1 • 
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sowing of the seed and the fertilizer must be covered at least 3 to 5 inches 
so that the soil can take up the ammonia freed by the action of the soil 
moisture and thus be nitrified. 

The production of the ammonia from the calcium nitrate takes place by 
means of bacteria'. 

The fertilizing experiment, carried out in vegetating vats, has shown 
the possibility of obtaining the same fertilizing action with calcium nitrid as 
with saltpetre nitrid and ammonia nitrid. In all field experiments, made as 
yet, the calcium nitrid has developed about 74 per cent, of the action of the 
saltpetre nitrid-. 

The agriculturalist will cause great injury if he sows his seed soon after 
scattering the calcium nitrid. Usually only those grain seeds will then 
sprout which lay on the ridges of the furrows. If the first shock is over- 
come, the abundant supply of ammonia manifests itself in the especially dark 
green of the plants. The injury consists of a drying of the leaf parenchyma 
and a poor root development^. The calcium nitrid may not be used as a 
top dressing any more than as a direct fertilization before seeding. This 
substance acts unfavorably on certain soils even if it is hoed under according 
to .rule. Remy* found the most favorable action on clayey soils. -On sandy 
soil, however, action was considerably slower and the directly injurious effect 
on germination much more persistent. Only three months after fertilization 
did he find that the injurious effect in the sandy soils had disappeared. All 
soils, tending to the formation of acids, retard the normal formation of 
ammonia. Tacke has proved that, on acid soils, the transformation into 
ammonia is so hindered that fertilization of marshes with calcium nitrid 
must be omitted there. On the other hand, when a great deal of calcium is 
present in the soil, the ammonia formation can take place so rapidly that 
extensive losses ari.se from the vaporization of the ammonia. On high moor 
soils poisonous action is found which, according to Gerlach, may be traced 
back to the fact that, with the decomposition of the calcium cyanamid and 
the deposition of the calcium, considerable amounts of the poisonous dicyana- 
mid are produced within a few days. 

The conversion of the ammonia into ammonium sulfate, which thus 
overcomes these disadvantages, is useless for agriculture, since the cost of 
the nitrogen would thus become too great. 

A still newer fertilizer is associated with this “calcium nitrid,” “the 
nitrogen calcium” which is free from cyanamid compounds and contains 22 
per cent, nitrogen ; 19 per cent, carbon ; 6 per cenf. combined chlorin ; and 45 
per cent, calcium. Bdttcher’s“ experiments have shown that with this, how- 

1 LQhnis, F., fiber die Zersetzung des Kalkatickstoffs. Centralbl. f. Bakt. 1905, 
II, Vol. XIV, p. 87. Behrens, J., Versuche mit Kalkstl^stoff. Berlcht der Grosa- 
herzogl. Bad. laiidw. Versuchsanstalt Augustenberg ISOvKarlsnihe 1905, p. 96. 

2 Gerlach u. Wagner, P,, Gewinnnng u. Landwlrtachaftliche Verwendung des 
Salpeterstickstoffs. Verhandl. d. Winterversammlung 1904 d. Deutach, Landwirtsch. 
Ges. Jaheb. d. B. L, G. Vol. 19. p. 33-39, 

3 Perotti, R., fiber die Verwendung des Calclumcyanamlds zur Diingung. Staz. 
sper. agrar. Ital. 1904, Vol, XXXVII: cit Centralbl. f. Agrikulturchemle 1906, p. 814. 

4 Blatter f. Zuckerrlibenbau, 31 May, 1908. 

« Deutsche landw. Presse 1906, No. 34. 
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ever, the same precautionary measures are necessary as with calcium nitrid. 
It may not be used immediately before seeding, nor as a top dressing, because 
it is then injurious'. 

In regard to the Ammonia nitrid, we should not forget to call atten- 
tion to the fact that it may also become injurious under conditions in which 
the nitrifying bacteria do not act sufficiently. For heavy soils, which contain 
more water and, therefore, dissolve the ammonia more abundantly there is 
no danger, but in sandy soils the retarded solubility may lead to direct 
phenomena of corrosion". 

1 Blatter, f. Zuckerriibenbau 1906, No. 10. 

2 Maze, Untersuchungen iiber die Einwirkungen dcs Balpetei-stickstoffs und 
des AmmoniakstickstofTs uuf die Entwieklung des Mala. Aonal, agron. t. 26; cit. 
Ccntralbl. f. Agrikullurcbemic 1901, p. 5SS. 



SI-XTION V. 


WOUNDS. 


CHAPTER XX. 


WOUNDS TO THE AXIAL ORGANS. 


General Discussion. 

However much accidental or intentional injuries to the tree trunk may 
differ, nevertheless, the process of healing always agrees in the essential 
points. 

We find, in all cases in which the injury to the trunk and branches is so 
extensive, that the wood body composes part of the wound surface and that 
both the cambium lying between wood and baric which with undisturbed 
development makes possible the growth in thickness of the trunk as well as 
the young tissue elements directly formed from the cambium (which in the 
following will he included under the term “Cambium”), take over the heal- 
ing of the wound surface of the mature part of the trunk. In herbaceous 
stems, or the still herbaceous developmental stages of woody trunks and 
branches other tissue forms can participate in healing the wounds as will be 
shown later in discussing individual cases under this head. 

The structures of the forms developed from the cambium in the healing 
of wounds may, however, vary greatly from that of the normal wood ring. 
The reason for this difference in structure of wound wood should be sought 
in the fact that pressure conditions under which the tissue, serving for 
healing the wound, is produced, are very different from those existing during 
the formation of the normal wood body. 

Supported by the investigations of G. Kraus, it should be recalled first 
of all that each trunk and branch has considerable internal tension, due to 
the difference in growth of its individual tissue forms which are conndeted 
with one another. The experiments on tissue tension begun by Hofmeister*, 
extended by Sachs^, and especially fully carried out by Kraus®, have proved 

1 Hofmeister, tfber die Beuran? saftreicher Fflanzenteile durch Brachiitterung. 
Ber. d. Kgl. SHchs. Ges. d. Wtseensch. 1859, p. 194. 

2 Sachs, Bxperimentalphysiolugie, p. 466-514. 

» Kraus, Gregor, Die Gewebespannung des Stammes und Ihre Folgen. Botan. 
Zeit 1867, No. 14. ff. 
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that the growth in length of each branch of our trees is regulated by two 
factors. 

The central tissue of the shoots, especially the pith, is the elongating 
factor , the tissue which forces the shoot into the air. Its very considerable 
striving to grow longer and to carry the surrounding tissue with it into the 
air which becomes evident in an isolation from other tissues is modified and 
retarded by the strain exercised by the very elastic peripheral tissue parts of 
the bark body. These contract and become shorter if isolated. They 
uniformly grow shorter even in their natural position on the tree in the night 
because of a radial swelling resulting from the taking up of water^. 

Tlierefore, as the shoot grows, there develops a considerable longitudinal 
tension due to the struggle of the elongating force of the surrounding tissues, 
at times of the bark body, to contract both themselves and those surrounding 
them. The result of this struggle is evidenced in the length of the pith cells 
within one intemode. Cell measurements have shown that the pith cells are 
longer at first than they are later and that a very strong growth in breadth 
is associated with their subsequent shortening. 

This increase in breadth is the result of the ultimate preponderance of 
the peripheral strain. When the increase in length of the intemode is 
complete, the cross tension becomes great. 

It is easy to understand that other strains must occur after the length- 
ening of a plant part is ended when one considers that the part of the trunk 
which has already elongated now thickens permanently and that this thick- 
ening depends upon the differentiation of the cambial cells, lying between 
the bark and wo(x3, into new wood and bark elements of the following year; 
the year old shoot forms new wood layers above those of the previous year; 
these new wood layers must make room for themselves under the girdle 
formed by the bark and its outermost cork layers. This can be done only 
by a distension of the bark mantle which, however, does not give way without 
resistance. This resistance makes itself felt in pressure and thus, during 
the period of the growth in thickness of a shoot, we find the tender tissue of 
the cambium pressed on one side by the mature but still distending young 
wood and on. the other side by the constricting influence of the bark mantle, 
which gives way only to very strong pressure. 

Under this double pressure, the elements of the wood are formed from 
the cambium, that is, the elongated, thick-walled wood cells, poor in contents, 
or finally entirely empty, as well as the ducts and duct-like cells. 

De Vries® has now determined experimentally that the cells of the wood 
become narrower (and the ducts fewer) the greater the bark pressure. He 
increased the constricting effect of the bark mantle by putting on a firm 


KmS! Z Wer'Tyerteimruna Bedemune^^^ bet WaohstumB- 

Bau de Holzes. Flora 1S7B, No. 7, Sanio, Bot Zeit. 1863, p. 395. 
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band and in other specimens weakened artificiallly the pressure of the bark 
by cutting it longitudinally. He thus succeeded in explaining what Sachs' 
had already suspected, that the difference in the production of the annual 
ring is due to bark pressure, which changes regularly in the course of the 
year®. 

In the spring, at the time when the wood is most swollen because of 
its absorption of water, the bark pressure is very great, as may be noticed 
in the production at this time of new bark tears and the widening of those 
already present. During the unfolding of the foliage, the wood loses a 
great part of this water by evaporation. It then contracts, reducing the 
pressure of the distended bark. This explains the recognized formation of 
larger wood cells at this time. However, the more new wood is formed 
under the bark in the course of the summer, the greater will be its internal 
pressure against the underside of the bark; at the same time the bark layers 
lose a part of their elasticity because of drought and thus their resistance to 
the internal pressure of the wood becomes much greater. Under such 
increased pressure conditions, we find a production of narrow and broad 
celled, thick-walled autumn wood. 

Another point, which I had an opportunity to observe in artificially 
constricted places, is the increase of spiral twisting in wood elements due to 
the increased bark pressure. Finally, in the overgrowing of constrictions 
made by wires, this twisting is found to be so increased that, in a certain' 
zone of the overgrowth callus, the wood cells which otherwise have a longi- 
tudinal course lie almost horizontal. A radial section, made directly above 
the overgrown wire ring, shows a zone of wood cells cut across instead of 
lengthwise. These fibres, running horizontally, gradually reassume their 
vertical, normal course when the swelling becomes less and passes over into 
the normal trunk. 


The increased twisting of the wood elements due to increased bark 
pressure explains also the well-known phenomenon of the non-parasitic, 
twisted growth, which occurs especially in dry, poor soils (with Syringa and 
Craetaegus) and has been observed in very different kinds of trees. The 
causes of the increase in bark pressure differ in tbe different cases. 

The regular stratification in the wood body of the wide spring wood and 
narrow autumn wood thus caused is only a special case of the law proved by 
De Vries, that an increase of the bark pressure produces narrow celled wood 
but a loosening of the bark, on the contrary, a wide celled wood. 

It is easy to convince oneself, however, by counting the cells after an 
artificial loosening of the bark, that this acts not only on the development but 


1 Sachs, lachrb. d. Bot. lat Edition, p. 409. 

2 investigations by Krabbe. published later (Sitzungaberlcht d. Akad. d. 
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effect on the annual ring formation could be 
ascribM to the radial bark pressure, on account of Its insignificance. To me, the 

“t"u the correct- 



775 


also on the number of the cambial cells. The less the bark pressure, the 
greater is the number of cell divisions in the direction of the radius of the 
trunk; the greater also the elongation of the individual cells and ducts in a 
radial and tangential direction, the lesser, however, in a longitudinal direc- 
tion. This change in the dimensions increases to such an extent that in 
those places where the bark pressure is almost entirely removed the thick- 
walled, elongated wood cells are found to pass over into short parenchy- 
matous cells. In this, the differentiation of the tissue into cells and ducts is 
lost. Only a uniform parenchyma wood develops. 

A work by Gehmacher’ takes up the influence of bark pressure on the 
structure of the bark itself. His investigations lead to the conclusion that 
the greater the pressure, the fewer the cork cells formed and, conversely in 
the same way, the radial diameters of the individual cells differ. The cells 
of the primary bark parenchyma seem contracted not only radially hut also 
laterally. Their form is, therefore, angular while in those produced under 
less pressure it is spherical with considerably larger intercellular spaces 
(which can disappear entirely under strong pressure). The number of bast 
fibres is said to increase considerably with a reduction of pressure (which I 
have not observed myself) and to decrease almost to disappearance with an 


increase of the bark pressure. 

N 6 rdUnger= also considers the production of a wavy periphery of the 
wood body, instead of the regular spherical one, to result from bark pressure. 
Where the wood seems indented the bark frequently appears thicker. The 
strongly developed groups of stone cells are said to be the ones which are 
pressed by the bark into the cambium and arrest the growth of the opposite 
part of the wood. 

If we now give credence to the circumstance to which Kraus’ calls 
attention, that part of the cell content is more quickly pressed out from the 
cell tissue under increased bark pressure, possibly toward those places m 
which the bark pressure is less, it can be no surprise that a large amount of 
reserve substances are found stored in the porous parenchyma wood formed 
from the cambium as a result of the reduced bark pressure The wide- 
lumined, thin-walled parenchyma wood is the 

deposition for the constructive material flowing toward it. For tb.s reason 
we see that where the wood cylinder forms parenchyma tissue “f 

prosenchymatous elements, this usually (wuth the 

Lllus roL) is richly filled with reserve substances for a large part of the 
year and, in fact, in our trees also containing stare i. . , . u 

All the wounds to the tree trunk bring about a loosening of the bark 

1 4" ttnpH in healine the wound, must vary in structure 
Nevertheless, the wood, formed m he g 

so much the more from normal wood and take on 

-Tli^Sttaun^Uer, <t. Wiener AUaU. U. WlsaenscU. Vol. LXXXVnt, pt. Il elt. In 
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Wien. October issue, 18S0, p. 407. 
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more the characteristics of parenchyma wood, the less the pressure of the 
bark girdle on the cambium at the time of ringing and the longer this loosen- 
ing lasts. 

We have seen in canker wounds how this porous structure at the edge 
of the wound causes more and more a new loosening of the bark, a new 
excrescent production of porous tissue and the final exhaustion of the 
branch, due to this production. 

Every overgrowth edge formed about open wounds on the trunk, there- 
fore, begins with the formation of short-celled, wide-lumined wood elements 
which, sharply bounded, lie against the normally exposed wood. The wood 
elements also pass gradually over into a normal structure, according to the 
increase of the overgrowth edges and, therefore, the stronger bark pressure. 
If, finally, the overgrowth edges coalesce and the bark again becomes a 
uniformly connected girdle around the trunk, or branch, the normal amount 
of bark pressure again sets in and with it the normal direction of wood 
cells and ducts. Every year normal wood is deposited above the closed 
wound. 

Scarification Wounds. 

The best example of the changes in tissues during the process of wound 
healing is found in the cicatrization of scarification wounds. By the term 
“scarification,” as is well known, is understood the cutting through the bark, 
lengthwise of the stem, down to the wood body, without the removal of any 
substance. If the tree is slit in this way, the edges of the wounds pull apart 
(Fig. 173). Naturally, the two edges of the wound are nearer at the end 
of the incision (Fig. 173 a). The process of healing is completed most 
rapidly there. Fig. 174 shows the cross section of a healed incision on a 
sweet cherry tree, from the end of the wound, i. e. from the region marked 
a. We see at h the old wood, which was cut at w, and shows that part of 
its ducts and wood cells died because of the effect of the air. The cambial 
zone (c) which at the time the incision was made lay above h has formed, 
during the process of healing, new bark («r) and new wood (nh). The 
newly formed wood zone, however, does, not resemble the normal wood 
produced beneath the uninjured bark either in position, or in structure. 

It forms one part which, projecting outwardly, is three-cornered in 
shape, its highest point coming nearest the groove (j) formed by the previ- 
ous incision. This three-cornered convexity is caused by the development 
of parenchyma wood (hp) which exceeds that of the tissue lying farther at 
the side. This production of wood was the first activity of the two edges of 
the cambium which were separated by the incision (j). Here the bark 
pressure was the weakest, the cell increase the greatest, but the elongation 
the least. Only after the new bark, formed from the young, inner bark and 
the cambial zone, has attained at j a greater power and greater resistance 
because of the newly produced cork layer {k') does the bark pressure 
gradually increase. Its influence on the cambial zone producing the wood is 
stronger and the form of the wood elements gradually becomes more like the 
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normal. The part hp, passes over gradually into the regular wood much 
more distinctly divided by medullary rays (»i). The transformation of the 
bark elements, taking place parallel to the change of the wood elements, will 
be described more in detail in the callus rolls due to girdling. 

When the trunk grows further, the cambial zone (r) always deposits 
new normal wood and new bark with hard bast (hb) above the wound sur- 
face and when finally the old parts of the bark (ar), separated by the pre- 
vious incision, with their cork zone (k) and the dead wound edges of the 
bark formation (i) which have been separated by the cork zone of living 
tissue, die and scale off, the wounded place externally becomes smooth and 


even. 

We will have to consider Fig. 175, if we wish to go somewhat more in 
detail into the beginnings of the process of healing. This represents a cross- 
section through a single wound edge of a place of scarification (Fig. 173 fc) 



j Vi,- 174 Healed acarittcation wound. 

Pig. 173. Scarifleation wound. Fi?. «eaieu 


was made, the knife passed from r to The old bark ( wa^draw" 
back towards the sides from this plane of incision. This ,^a c«re F 

to that -darly indiepd 

the bark, as well as ^ ^.^ntours marked t and only one 

h^Tb ^t bundir(rfi) has been sketched in the bark parenchyma (ar). At 
hard bast bundle ( ) ^ner 

the time the incision was mad 

b„k (V) .10.. .0 tb" ^ „«d 

of the wound incision ( ) backward, for a certain distance. 

The parenchyma of the older barK 
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and formed the brown, dry edge of the wound, recognizable to the naked 
eye, and thus enclosed each slit (Fig. 173 r). The parenchyma of the inner 
bark (ir), still capable of increasing, its growth not yet having ended, takes 
advantage at the edge of the wound of the opportunity of spreading toward 
each side where the pressure has decreased, that is, over the plane r to w. 
These cells, therefore, curve outward. Those from the cambial zone shove 
the first bark cells further out and mature, in the subsequently growing zone, 
to bark cells (r) containing chlorophyll; and in this way the tender paren- 
chymatous edge of the wound (/, ir) is primarily produced. The peripheral 
cells (r) of the convex edge of the wound turn brown later and dry up. 



Cork (A) is produced in the cells lying directly underneath this. This cork 
zone (k to k), covering the whole wall of the wound, now attaches itself to 
the outer cork covering of the old bark so that the new structure is sur- 
rounded by a 'very inelastic cork layer which consequently presses on the 
swelling tissue lying beneath it. 

On this account, the bark pressure is also produced at intervals. The 
influence of this bark pressure on the immediately succeeding products of 
the cambial zone (c), which is bent forward like a snail but does not reach 
to the old wood (A), manifests itself by the formation of thicker walled ele- 
ments. New w'ood («A)is produced which toward the wounded side is 
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parenchymatous, short, with wide lumina (x) and perforated by isolated, 
short, wide ducts {g). The further the new wood lies from the edge of the 
wound, the more regular, narrow, dense and longer celled it is, the sharper 
appear the medullary rays (m) and their continuation (m) in the bark. The 
more gradual the formation of the new wood, the more taut is the tension 
in the outer cork zone {k to k) of the overgrowth edge. This frequently 
tears apart in places as a result of the inner pressure, so that the bark 
parenchyma is exposed and pushes out into the torn place. On these out- 
pushing cells, new cork cells are formed in the shortest possible time, which 
lie against the surrounding ones and thus close the cork girdle. 



r. 176. Cross-section through a hollow pine t™'"' 

vallation edges, several years old, carry on the nutrition ol the trunk. 


In case a scarifying incision is so broad that the overgrowth edge of the 
first year cannot cover it, the new wood of the following year will overgrow 
the wound surface like a lip. In this lip-like, convex overgrowth, which is 
recognized best by the course of the new covering cork zone (it to k, Fig. 
175) the cambiaJ zone (c) assumes a special curvature, which becomes more • 
marked the deiper the wound surface lies. If it now happens that, in o 
trunks,-a broad longitudinal wound is made, instead of a scarifying one, and 
the wound body is destroyed by atmospheric influences, toother with para- 
sitic action, so Lt the trunk becomes hollow, ultimately only the overgrowth 
edges will remain. Fig. 176 represents such a c^e. It is a 
fr^ a hollow, pine trunk'. Because of the slow rotting away of the 

" The original may be found in the Botanical Museum in Beriin, 
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younger annual rings, the overgrowth edges have assumed a beautiful, 
spiral form, rarely to be observed, and the nutrition of the trunk depends 
on the comparatively slender wood layers of the last few years. The 
process is shown in less striking form in all hollow trees, for example, often 
in willows and poplars. In conifers, the rotting away of the trunk, as a 
result of longitudinal wounds, is a less frequent case, because the wound 
surface usually coats over with resin, or at least the f&rts of the wood 
exposed become resinous. This self protection, .after a longitudinal injury, 
becomes most apparent in the gathering of resin, as Ffg. 177 shows. 



Fig. 177, Section of a trunk of Picea vulgaris with the overgrowth of the resin 
channels. The entire age of the tree is 70 years. The first resin tapping (a) took 
place at the ^e of 50 years, the second (b) at 61, the third (c) at 62, and the fourth 
(d) at 65 years. (After Dobner-Nobbe.) 

The wounds resulting from the gathering of resin, in the form of strips 
some centimeters broad and about 2 m. long, from which the bark has been 
removed, do not die for some time. In spruce trees, R. Haftig found that 
the turpentine flowed in drops from the resin canals, lying in the medullary 
rays, soon after injury. Although, a large amount of resin is accessible to 
the wound, since the resin canals running vertically in the trunk are in open 
connection with those of the medullary rays, yet the very fluid turpentine, 
as a rule, ceases to flow after the first year. The turpentine becomes thicker 
by the volatilization of the turpentine oil and the turning to resin (oxida- 
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tiop). After the resin has been scraped off from both sides of the tapped 
place, the overgrowth roll is cut away in order to open new resin canals, or 
new strips of bark^are removed from other sides of the tree. 

Inscbiptions. 

Inscrifitions and numerals cut into the trunks of trees, as also the 
irregularly gnawed and bitten places produced by the gnawing of wild 
animals in wfnter, should be mentioned as special cases of a common form 
of longitudinal wound extending into the old wood and connected with a 
loss of substance. 

In inscriptions, the knife has removed considerable amounts of old 
wood and, therefore, has penetrated deeper into the trunk; on the other 
hand, however, the wound is not so broad. The healing of deep incisions 
begins at the longitudinal edges of the wound; the upper and lower edges 
share only to a very insignificant amount in this. The edges of the wound, 
produced by the cambial zone and provided with their own bark, extend 
further every year, forming overlapping layers, and thus gradually grow 
over the wound surface without becoming re-united with the old wood, of 
which the outermost cell layers, bounding the wound, turn brown and die. 
These healing layers form only a mass lying close against this wood, like 
the metal in a mould. At the moment when the two opposite edges of the 
wound of each letter coalesce, i. e. their cambial zones unite, these zones 
again form normally arranged wood elements, which become increasingly 
thicker because of the annual zone of increased growth, and thereby leave 
the original incision deeper and deeper in the trunk. In splitting the wood, 
a lucky blow will separate the intermediate layers, which had not been 
injured, between the individual letters or numerals, and the original brown 
mould falls away from the in-grown wood mass. 


Injury Due to Wild Animals. 

In injury due to wild animals, the wounds are broader, more irregular 
but, as a rule, extend only into the sap wood. 

If the bark and sapwood are torn off from the entire circumference of 
the trunk, it dries up after a number of years, if the injury did not occur 
early in spring or in summer. As a rule, however, the gnawing and barking, 
due to wild animals, takes place only on scattered parts of the trunk and 
then there follows gradually a formation of overgrowths from the edges of 
the remaining bark. If such overgrowth edges are injured again m some 
subsequent year, before the first wound is closed, the wood body apparently 
takes on a very complicated formation of annual rings. „ u i 

The injuries differ with the kind of animal. According to Ratzeburg , 
red deer and elk, but not the roebuck, “peel” the tree, since usually m the 
spring, in feeding, they loosen strips of bark at the bottom by means of their 
incisors and then tear them off upward. The healing then takes place either 


1 'Waldverderbnis, I. p. 60 f£. 
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by overgrowth or, in some cases, by a new formation of bark (cf. Barking 
of Fruit Trees). The bark may also be worn off by rubbing and blows, 
but in this the half-loosened remnants remain on the edges of the uninjured 
bark in the form of tatters, or small rapidly drying and, therefore, curling 
strips. Usually the traces of hair on the bark remain. Since deer and 
roebuck rub their horns up and down against the tree, to free them from 
the velvet, these rubbing wounds are longer than the peeling wounds and 
more frequently extend around the trunk. Now, the roebuck sheds Its 
velvet in February and March; the deer about the first of May, and others 
four weeks later. The wounds, due to the latter, therefore, fall in a time 
when the tree has the greatest amount of plastic material at its disposal. 
They will, therefore, heal much more quickly than wounds made in the 
winter and spring. It thus happens that the wound does not once reach 
the cambium, but only removes the outermost bark layers. If the inner 
bark remains in place the annual ring develops almost normally beneath it 
from the cambium, at least, so far as the arrangement of wood and vascular 
elements is concerned. The wood cells, however, are usually thinner 
walled, with broader lumina, the ducts much more numerous, the whole 
annual ring broader. If the weather is wet, or the habitat of the trees 
shady and damp, a callus tissue frequently develops on the outerside, from 
the cells of the youngest bark which has been left in place. This callus 
tissue leads to the formation of new bark ; in rarer cases, with luxuriantly 
growing trees, to the formation of isolated wood bodies. 

Wounds from blows and splitting of the bark also arise at the time of 
"rubbing” and in the period of “heat” in thel late> summer. A different 
method of healing the wounds now often sets in, since a callus tissue is 
formed from the youngest sapwood layers on the wood body, which has 
been freed from the bark; it fills out the hole, as in budded trunks (cf. 
Budding). 

We have still to consider gnawed wounds, as produced by mice and 
rabbits, beavers and hares. The latter, with their teeth, cut young branches 
or weak plants. Real gnawing, which is so disastrous for our fruit trees, is 
found usually only after deep snows. The wounds extend to the older 
wood on which may be recognized the tooth marks. I f these reach around 
the trunk in connected surfaces, the tree is lost. If, on the other hand, 
isolated particles of bark are left in place, an overgrowth takes place from 
these. 

According to v. Berg, it is advisable to fell Aspens and Sallows (Salix 
caprea), which game peels, at once, in order to protect the other trees from 
similar injury. Finally, the scattering of food, during the winter, might be 
cited as the best means of protection. We insert this chapter on the injury 
due to game only in its relation to the anatomical processes of healing 
wounds. This subject is treated very thoroughly in a* recent work by 
Eckstein*. 

1 Eckstein, Die Technlk des Forstechutzes segen Tlere. Berlin 1904, Paul Parey. 
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In places where grazing cattle are driven into the forest they frequently 
cause greater injury than do game. Roots will he exposed to such an extent 
that whole, trees die along the paths. Sheep and goats bark larches, firs and 
balsams, etc. As v. Mohl indicates, and Ratzeburg confirms, deciduous 
trees endure injuries to their trunks, extending to the cambium, much better 
than do conifers. 

Klein, in his latest forest-botanical note book' gives numerous and 
good reproductions of trees that have been gnawed by grazing animals. 

Overgrowth of Cross Wounds in Many-year Old Trees. 


If branches, or trunks, are cut across the same processes of breaking 
the bark and the new formation of overgrowth edges must set in as were 






Pig. 178. Remains of a sawed of following 

and which had been covered over as 

described above in scarification. The injury, however, j" 
more dangerous because in this all the annual 

exposed and the effect of the atmosphere and wood destroying gi 

uncommonly facilitated. . 

We see in the adjoining c t the 

overgrowth of the old stump of a of the atmosphere, has 

cut end of the branch, cap of the overgrowths 

died far ba ck into the trunk. In y Baden. 214 nius. 
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which have extended farther each year, has been formed over the surface 
of the wound and has finally closed it The overgrowth in this case has 
taken place principally from above, since most of the plastic material has 
come from that direction. In a slender, longitudinal wound the overgrowth 
takes place principally from the sides. 

The process of overgrowth, which sets in in the branches of trees, also 
causes the closing of wounds on cut or chopped surfaces of stumps left 
when trees are felled. The process extends only comparatively slowly, 
since the cambial ring producing the overgrowth edges has to cover a very 
large wound surface. The result is that, long before the overgrowth edge 
has reached the central part of the cut surface, this has decayed and the 
center of the branch in consequence has become hollow. The overgrowth 
masses now sink down into the cavity in very different forms and, at times, 
in twisted cords covering projecting splinters or stones. Thus they can 
attain a considerable size'. 

The question is now pertinent, whence comes the material necessary for 
such an extensive new formation. The opinion usually expressed is that 
the reserve substances, formed before the felling of the tree and present in 
the stump, can be the only source of ail the new structures. In other cases, 
root union, which occurs not infrequently, is used to explain this, for it is 
assumed that the stump is nourished by the uniting of its root branches with 
the stronger roots of adjacent trees, which still retain their crowns. 

Certainly, cases of this kind are not rare in larger tracts of trees* and 
such a nourishing trunk can actually give considerable assistance to the 
stump. Nevertheless, there also exist instances in which absolutely isolated 
trees have formed such large overgrowth masses on the stump that the 
supposition of a production of such massive new structures from the reserve 
substances alone does not seem sufficient explanation. 

In my opinion, however, there exists universally in such cases an acces- 
sory apparatus, which is capable of conveying newly assimilated material. 
If the young overgrowth edges are investigated more or less chlorophyll 
will be found in their bark, according to the amount of light the trees receive, 
and it is by no means dear, why this chlorophyll apparatus should not 
assimilate just as well as the green bark of the trunk. The fact that 
branches are found growing out of older overgrowth edges shows how 
abundant is the life prevailing in them’. 

The formation of branches from the cambial ring of tree stumps is a 
very common occurrence, which comes to view on all sides with felled 
poplars and arises from the production of adventitious buds in the paren- 
chymatous overgrowth tissues. 

1 Good illustrations of such cases In Gdppert, Nachtrage zor der Sohrlft tlbcr 
Inschnften und Zelchen in lebenden Baumea Breslau, Morgenstem 1870. 

2 Oappert, Beobachtungen Uber das sogen. tJberwallen der Tannenst#cke. Bonn, 
Henry & Cohen, 1842. 

Thlelan, In lampersdorff near Frankenstein In his advertisements of the 
Wppert Treatise (Cber die Foigen ausserer Verletzungen der saume, etc.) in May, 
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Even in the poplars a complete circle of strong green branches grows 
up around the edge of the cut wood body. Such an “eruption of shoots” 
degenerates, as a rule, after a few years because it is not able in its place of 
production between bark and wood to form new roots which can reach the 
soil. If soil reaches the base of these shoots by being covered or by prema- 
ture decay of parts of the bark, the shoots can free themselves from 
the nutritive trunk by growing roots and form long lived, independent 
individuals. 

The ability to produce new shoots from the tree stump, very differently 
developed in different tree genera and very rarely in conifers, does not 
always depend on the formation of adventitious buds but also on the awak- 
ening of dormant eyes as in conifers. In this, however, the hard cortex of 
the stump often hinders further development. 

If such a subsequent development of shoots is expected and desired, as 
in forestration or in parks, the trees must be cut down as deep os possible 
in order to give the new shoots a good chance to root. 

The custom, not infrequently found, of renewing tree plantations by 
leaving stumps one meter high, should be given up absolutely. The new 
shoots developing on such stumps are, on an average, much weaker and are 
often surpassed by shoots at the surface of the soil. 


Overgrowth Processes in Year Old Branches. 

In our cultivated trees, the necessity arises of cutting back the tops in 
order to prune the foliage shoots and thus favor the fruit buds, or in trans- 
planting to bring the top into balance with the injured root system. The 
pruning affects principally the year old growth, and is done either in the fall 
or early spring. Consequently, a considerable time passes before the 
processes of closing the wounds begin through new formation of tissue. In 
this it is found not infrequently that such young growth dies back for a 
short distance from the cut surface. 

In Fig. 179 is shown the tip of a year old cherry branch which has 
dried back some distance from the cut surface. Fig, 180 shows the same 
branch cut through longitudinally ; r to r is the original cut surface , f is the 
boundary layer, back to which the twig has died; a, a swelling frequently 
found in such cases. Fig. 181 shows the anatomical structure. In it, r tor 

is the plane of the cut, 0 h, the last peripheral particle of the old wood of the 
cut surface; a r, the old bark with its outer normal cork layers {k). Of 
this bark, the tissue indicated by T has dried back and, m fact, the tissue 
near the hard bast cords (h) dies the furthest downward; the bast cord is 
also dead and together with the outer cork layers of the bark, which also are 
but little shriveled, projects from the discolored parenchyma. The cut 

surface is, therefore, uneven and rough. 

The next process which sets in, after injury and after the upper bark 
tissue has died, consists in the cutting off of the dead from the healthy tissue, 
by means of the formation of a cork zone (F, k ). The cork rone is deyel- 
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oped more extensively about the base of the bast bundle and represents a 
radiating overgrowth (fe'). The increase in cell numbers begins at once in 
the layers of the cambial zone (c) lying next to the cut surface, and of the 
bounding, inner bark which, at the time the pruning was done, lay close to 
the wood body (o A). 

Exactly as in tbe protuberance of the roll in the scar wound shown in 
Fig. 173, the protruding bark zone (n r) is formed from the products of the 



A one year old branch of the sweet cherry cut through In cross-section, the cut 
surface of which has dried back. 

Sis. 179. From without the cut surface of the branch appears somewhat dried back and has a swelling (ai 
below the dried tissue. Fiy. 180- The same branch cut throuifh in the median liue. Pis. 181. Anatomical 
sketch of the reirion a to of Pig. 180. ■ 

cambial zone and the young bark, and this protuberance is closed in the same 
way by a cork girdle (k' k"). The wood products of the cambial zone, the 
maturing of which changes gradually because of the pressure of the newly 
produced Wound bark, are produced at first as parenchyma wood* (hp) in 
which cord-like, short, porous duct cells (p) occur. The further the for- 
mation of the new wood, produced after injury, is traced back from the cut 
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surface, the more the elements of this wood are found to resemble the 
normally elongated, thick-walled elements (g, h'). In the drawing, the 
transition from the short vascular elements to the long ones is interrupted 
by the continuation of an old medullary ray (m) into the medullary ray 
(m) of the new wood. 

Besides this formation of new wood and independent of it still another 
cell increase manifests itself in the bark near the hard bast bundle. The 
parenchyma cells divide and increase, thereby, the thickening of the original 
bark, which is forced out by these new growths and causes the externally 
visible swelling (Figs. 179 a, 180 a, 181 a). Under certain circumstances, 
the new growth within the bark is so intensive that a meristematic zone is 
produced, which remains active for some time, producing in turn wood and 
vascular elements, and gives rise to the formation of wood fibres in the 
bark, said to have been found in the production of gnarl tubers. 

The drawing of a cut branch, reproduced in Fig. 181, does not agree 
entirely with the structure found in the overgrowing cross-wound of the 
stump of a branch. The reason for .this is that we usually think of such 
cuts as having been made late in the spring or summer on older branches. 
In these cases the drying back of the tissue from the surface of the wound is 
not extensive until the time when the wound begins to heal, i. e. until the 
formation of the overgrowth edge {nr, nh). This overgrowth edge soon 
appears above the cut surface and lies in a curve over the old wood, which 
had been formed before the time of pruning and is indicated by ah. The 
arrangement of the elements then corresponds to the formation of the callus 
roll in the cuttings illustrated in a later figure; the nature of the cell elements 
remains that shown in Fig. 181. 

As the branch becomes older and the wood layers, formed from cambial 
zones, become increasingly thicker, the overgrowth edge, projecting on all 
sides above the cut surface of the branch, also becomes thicker and thicker 
until the opposite sides touch one another and unite in a cap which entirely 

encloses the cut surface. . . 

Each overgrowth edge begins in the way shown in cross section in Fig. 
17s. It can, therefore, be said, figuratively, that the new wood layers, 
formed after injury, spread over the old wood body, laid bare by pruning, 
and finally shut it in by a cap. 


■ Girdling Callus. 

By "girdling" is understood the removal of a small circular strip of 
bark around the whole axis, usually at the time of the greatest cambial 
activity, since only at this time can the bark body be loosened easily and 

»< '>'« "T 

, *1 ^aA Kv itc leaf aooar^tus. This cannot, as des 

Si butt held b.cf .b..e tb. pl.t. .i ft" * 
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more abundant cell increase in the cambial ring at that place. We find that 
the diameter of the upper part of the branch has strikingly increased in pro- 
portion to that lying below the girdling cut. The supply of water carried 
up from the roots to this place is at first, however, considerably decreased. 
In the first place, the amount of water ascending in the bark is prevented 
from rising further by the girdling cut, and then the main stream, ascending 
in the wood, loses no inconsiderable amount of water at first by evaporation 
at the place laid bare by the girdling. Therefore, in the upper part of the 
branch the main factor of cell elongation, turgor, is decreased by the lessen- 
ing supply of water from below. The cell increase is indeed greater but 
the cell elongation is less than in the normal branch. While the growth in 
thickness of the part of the axis, which lies above the girdle, is increased, 
the apical growth of the branch remains moderate; the intemodes are not 
as much lengthened. Shortening of the intemodes with abundant supply 
of plastic material is the first step toward the formation of fruiting wood; 
thus fertility of the branch is more rapidly brought about by girdling. The 
part of the branch above the girdling is demonstrably poorer in water ; its 
leaves, likewise poorer in water, take on an autumnal coloration earlier, 
and the ripening of its fruit is hastened. 

The assertion that larger fruit can also be obtained by girdling has 
been confirmed cmly in certain cases. Grapevines, for example, and the 
American varieties especially, after girdling seem still to get such a consid- 
erable amount of water in the upper part of the vine that no retarding of 
the apical growth is noticeable. In this case, therefore, the development of 
the fruit depends essentially on the amount of plastic material and this 
varies in different years, according to the prevailing atmospheric conditions. 
In the same way, the character of the variety is of influence. For example. 
Paddock' observed that the variety of grape, “Empire State,” ripened its 
fruit three weeks earlier than usual because of girdling, the “Delaware,” on 
the other hand, showed scarcely any reaction and, in fact, its quality was 
poorer. 

Girdling is used on grapevines as a means for curing the dropping of 
the young berries', but as a constant r^lar treatment in cultural pruning 
girdling will never find an opening; it may always be used only as a drastic, 
exceptional method, in special cases, the injuriousness of which frequently 
exceeds its usefulness. 

Even in the grapevine, in which girdling is used most frequently, its 
use must remain limited. In the “Annalen der Oenologie”’ Gothe judges 
that the hope of a general application of the process in grape culture will 
not be realized. The advantage of hastened ripening, he thinks, is unmis- 
takable. In this way, late varieties may still be brought to ripening, but 
the grapes of girdled vines give a worthless wine. The part of the vine 

'Paddock, W.. Experiments in Binging Grape Vines. New York Agrlc. Exp. 
Sta. Bull. No. 161, 1898. 

2 Jiger, Obstbau 1866, p. 126. 

« Vol. VI. 1877, Part 1, p. 126. 



above the girdled place dies (at least in European varieties), the part below 
it is poorly nourished, so that the eyes remain sterile and should not be taken 
into account in pruning. Besides this, girdled shoots break off very easily. 

In many trees also there is found frequently a hastening of the develop- 
ment of the leaf buds below the place girdled, which can increase to the 
formation of water sprouts. This case is more frequent in apple trees 
than in pears. 

Recently, girdling has also been made use of in herbaceous plants with 
edible fruits. Thus, for example, DanieB obtained larger fruit with the 
Solaneae by this treatment. Other observers could not 
confirm this, but found a retrogression in the develop- 
ment of the whole plants 

If we now pass over to the study of the anatomical 
conditions produced by the girdling cut, or " pomological 
magic ring" by means of the adjoining illustrations, we 
shall, we believe, best further thereby an understanding 
of the matter by giving first of all a general description 
of Figs. 182 and 183. 

Fig. 182 represents a girdled grapevine; « is the 
lower overgrowth edge, m' the upper edge; bl, the bared 
surface of the wood body. 

Fig. 183 is a longitudinal section through the lower, 
smaller overgrowth edge (Fig. 182, k). SS is the plane 
of the lower knife cut in girdling; S,S'C is the protrud- 
ing tissue of the overgrowth edge. H represents the 
outermost layer of the exposed wood body ; in this, g,g 
indicates the ducts and h,k' the porous wood cells. R, 
as in Fig. 182, is the bark cut through in girdling, 
which appears pushed back from the wood by the out- 
swelling overgrowth tissue (f,C,C). This tissue at z 
lies close against the wood and is protected externally 
by a cork layer (k.k'). This protruding overgrowth 
edge of parenchymatous tissue is differentiated by the 
arched cambial zone c,c/, into the parenchymatous 
wound wood (wh) and the wound bark (wr). Both 

are traversed by radiating medullary rays (w). 

Figs 184 and 185 show how such an overgrowth edge appears in cross 
section^ The first was taken from the upper wound wall, close to the place 
where it leaves the bark; the second figure originates from a broader, most 

“'cotidering Fig. 183, we see that a mass of tissue has protruded 
from fhrete Produced by a 3 to 4 fold division of the 

. Uo la decorticaUon annulaire chez quelquea plantes 

I Daniel, Luclen, EHeta ae la oecoiu^o 

herbaoSea. Compt. rend. Paries WO p,a^„ts. New York State 

> Hedrick, Taylor ""d Wellington. Kinging 
Agrlo. Exp’. Sta., Geneva, Bull. No. 288. 190 ■ 



Ilg. 182. A ring- 
ing wound on a 
grapevine witii the 
upper, more 
strongly developed 
overgrowth edge 
(u') and the more 
weakly formed 
lower one (u). 
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cambium and having at first the character of callus'. This holds good for 
the products'of division of the youngest bark, which united with the cambial 
callus from the later overgrowth roll. 


At the time of girdling (in July) the old wood body of the vine (Fi^. 
183, i/) was already strongly developed. We can recognize elongated, 
thick-walled wood cells in the immediate proximity of the ducts (g), chiefly 



provided with horizontal cross walls- (A), otherwise usually pointed like a 
wedge and having fine pore canals (A'). The narrower vessels are spiral or 
ring ducts (g) ; the wider ones show circular or slit-like pits (p'). . The 
broadest of all have a ladder-like, or reticulated, porous wall. The ladder- 

1 All juvenile cicatrization membrane with apical growth ol Its cell rows, no 
matter whether produced on a cut surtace above or beneath the stu-face of the soil, 
may be called “callus." We will call the callus which has a bark, is llgnlfled, and 
continues Its growth by an inner meristem zone the "overgrowth edge." ' 
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like arrangements of pits corresponds to the pores of the cells surrounding 
the ducts in rows, the walls of which cells are pressed against 'those of the 
ducts. 

The lower cut, by which the ringed place was laid bare (Fig. 182 bl) is 
indicated in Fig. 183 by the plane S'.S'. In this longitudinal cut, therefore, 
the girdled exposed surface extends from 5 upward along the exposed wood 
cells. At S', we see how the knife has smoothly cut the bark (ff) perpen- 
dicular to the longitudinal diameter of the vine. At the time the cut was 
made, the bark (I?) lay close against the wood (H). The tissue lying 
between them and projecting far out {r,C,C') has been produced after the 
girdling. And, indeed, the extreme lessening of the bark pressure con- 
nected with the removal of the bark in the sectional plane S,S' and the parts 
adjoining it in the cells of the cambium, as well as in those of the youngest 
wood, likewise in those of the younger and youngest bark, causes a forma- 
tion of callus with a surprisingly great cell increase, since the end cells of 
the tissues named and those directly adjoining them push outward, divide, 
elongate and cut off their anterior ends by cross walls. In these anterior 
' ends, the elongation and construction is repeated many times. In this way, 
a callus wall {C,C) projects in a circle, around the cut edge of which the 
'inner side at z, lies close against the wood, without uniting with it. 

At any rate, this callus wall at first has neither the extent nor the 
structure given it in the drawing; this represents rather a wound wall devel- 
oping from the callus which, by the increase of the new cambial zone (c ), 
has already formed secondary elements of thickening. Originally this callus 
wall consisted only of thin-walled parenchymatous cells (a,r) appeanng 
immediately and radially arranged, their diameter in all directions being 


almost equally long. , 

In such a juvenile callus wall, which is early differentiated, a cork zone 
is formed (k.k”) first of all on the outer circumference It gradually 
increases in thickness and serves as a layer protecting the thin-walled 
newly formed tissue mass. The cut surface of the old bark tissue (K) 
which has been separated widely from the woerf by the n™ wound tissue, 
is cut off in the same way by the c*rk layer {k ) The old, hard bast cells 
(b) which have been cut, have turned brown from the cut surface deep 
ilto the healthy tissue and died. The original bark tissue (r) lymg 

inside and back of these bast cells has ^ 

callus formation; only the cells lying next to ^^d tast 0 the r g^nj 

1 1 (h \ rutUne off tb^ dead pari. iNear uu& 

bark have formed a cork zone i.* " i j r 

bark nave lorm the 

cork zone run the ^ard bast K ) 

walled groups of cells (b }, wiiicn tie ai 4 


zone. 
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The cambial zone, which runs close to the prosenchymatous wood 
elements in 'that part of the normally developed vine which lies below the 
place of the cut, describes a wide circle c,c,c at its entrance into the wound) 
or overgrowth wall ; it divides the apparently uniform ground tissue into one 
partjjring against the old wood body of parenchyma cells with strong, porous 
wall^ the wound wood {wh), and an outer part, the wound bark (wr). In 
the clearly marked, radiating arrangement of the individual cell rows, this 
row is recognized as a secondary growth of the cambial zone, appearing 
very early in the callus roll. The elements formed from the cambial zone 
have approximately the same parenchymatous form in the same horizontal 
surface, only, as already said, the parenchymatous wood (wh) differs from 
the bark tissue by its porous walls, which are more greatly thickened and 
more dense and, therefore, lie against one another with sharper angles ; a 
stronger pressure has already made itself felt here. 

But an evident differentiation is noticeable in the bark tissue itself. 
Between the somewhat oval cells, forming the ground mass of the bark, we 
find more elongated, more slender, somewhat prismatic cells arranged in a 
curve (b") approximately parallel to the cambial zones. These represent 
the very beginnings of the hard bast cells. They are richer in content and 
accompanied by pouch-like cells, which, in their longer axis, usually run 
parallel to the young bast bundles and contain raphides of calcium oxalate 
(o). The bark tissue produced from the youngest bark already formed at 
the time of cutting and containing thick-walled, but short and broad hard 
bast contains its calcium oxalate in the form of stellate druses, or separate 
crystals, similar to those which occur chiefly in the normal bark (o'). At the 
place of the transition, raphides and stellate druses are often separated from 
each other only by two cells. Here also only the loosely constructed tissue 
contains raphides. 

The parallel arrangement of the crystal-containing cells, with the bast 
fibers, is seen best in tangential section in the cherry ; here the base bundles, 
lying in a net work upon one another, are found to be accompanied by 
parenchymatous cells lying close against wie another and elongated. Almost 
every one of these contains a crystal oficalcium oxalate. In the grape this 
is less sharply marked and becomes relatively Indistinct as the tissue, as a 
whole, loses its differentiation in the overgrowth walls. In this less differ- 
entiated part»may already be recognized thicker walled elements lacking the 
deposition of calcium oxalate in the surrounding* tissues. The calcium 
appears in the cells formerly filled with starch, a fact which indicates that 
the calcium oxalate is one of the end products in the solution of the carbo- 
hydrates. 

Therefore, no calcium oxalate is found in the outermost peripheral 
zones of the overgrowth edge because these zones consist of the first formed 
tissue of the quickly growing undifferentiated callus projecting beyond the 
cut surface. In these the material has been utilized entirely for cell increase 
and is not deposited in the end as reserve starch. On the whole, however. 
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only a few peripheral cell rows always remain free from starcji and free 
from subsequently formed calcium oxalate, for the tissue which extends 
beyond the cut surface, and which warrants the name “callus" only so long 
as it is absolutely undifferentiated, soon shows a difference in its structure 
and passes very rapidly from the callus stage into that of the overgmwth 
edge. Soon after the formation of the peripheral cork covering, a meristem 
zone appears also in the interior of the callus tissue and represents the 
continuation of the cambial ring of the normal piece of the vine within the 
overgrowth edge. Besides this meristematic zone, the first traces of a bast 
body may also be recognized in the separated parenchymatous cells lying 
scattered close under the cork zone. These cells appear to have somewhat 
more strongly refractive, easily swelling walls (!>"). In some of these I 
think I have recognized indications of sieve pores similar to those found in 
the tangential walls of normal bark sieve cells (sz), so that the conclusion 
may be drawn that the first differentiation of the callus tissue, appearing 
almost simultaneously with the formation of the new cambial zone, consists 
in the formation of sieve cells within the bark. 

The tissue formed in the cambial zone appears, in Fig. 183, to be divided 
longitudinally by the medullary ray cells (»») . These are elongated radially, 
have clearer contents and like the rest of the tissue are small celled at the 
periphery of the overgrowth edge. Their approximately perpendicular 
direction changes gradually into the normal horizontal one as the rays 
extend into the normal tissue of the uninjured piece of the vine. 

In the youngest portion of the callus edges, where the tissue lying next 
the cork border first arose, one finds the wood lying between the clearer 
medullary rays to be short, thin-walled and parenchymatous. The further 
the wood is examined back toward the normal tissue, the longer and thicker 


walled it appears and it passes from its radial direction more and more into 
the longitudinal elongation of the normal wood elements. The earlier in 
the year the girdling is undertaken, i. e. the longer the newly produced 
cambial zone of the overgrowth wall produces wood, so much the more do 
the later formed elements approach normal wood in length and form. 

Scalariform vessels (3,2) appear in this thin-walled parench>matous 
wood as the first thick-walled elements; they have at first the size and 
arrangement of the wood parenchyma cells of the surrounding tissue but 
assume gradually the form and arrangement of normal vessels the nearer 
they approach the uninjured parts of the wood. In opposition to de Vrjes I 
must maintain that the short duct cells are not always the first formed thick- 
walled elements. When the callus at the lower margin of a girfle is ve^ 
weakly developed, the wood parenchyma often passes over directly into 
normally arranged, slightly thickened xylero elements, without the previous 

• appearance of short duct cells. , . , • ,1, 

In the callus at the upper margin of a girdle which in Ae same gt 
of time has developed more than twice as extensively as the lower callus 
the cambial zone is broader, all the elements are more numerous and the 
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beginnings, of the vascular bundles in the callus always start with duct cells. 
The formation of these cells takes place the earlier the nearer to the old 

wood they are formed. Their form, 
size, thickness of wall, and arrange- 
ment will be more nearly normal the 
further back the tissue lies from the 
cut surface. The vascular strand {g,z) 
of this tissue grades gradually into the 
normal woq(d formed before girdling,, 
thereby forming a pseudo-secondaiy 
growth in that area. 

According to the anatomical condi- 
tions shown in Fig. 183, we may say 
that the girdling has produced an un- 
usual loosening of the wood in the 
uninjured part of the vine adjacent to 
the wound. ’ In this way the vascular 
bundles, which are formed of vessels 
and thick-walled tracheidson one side 
of the cambium and of the thick-walled 
phloem fibres and sieve tubes on the 
other, and which, in normal wood, are 
arranged close against one another in 
concentric circles, are separated and 
broken up into single strands by masses 
of parenchyma. These strands, g,z 
(vascular strands), and b' (phloem 
strands), the elements of which con- 
stantly become fewer in number, change 
constantly and continue into the callus, 
which is gradually covering the girdle. 

We may best see by means of cross 
sections taken at different heights 
through the callus, what happens to tfie 
vascular cylinder which in the unin- 
jured portion of the vine consists of 
the wood and the phloem rings, only 
slightly broken by few-celled medullary 
rays. This cylinder finally is*separated 
into single strands by the growth of 
FIs. 184 . Cross-section through a cins- parenchyma induced by the girdling, 
appears on the plane 8 to S' in Fig. 188 . ^be strands gradually become narrower 





t- 




it 


as they pass outward radially and tan- 
gentially in wavy lines, they are at first distinct, but later anastamose forming 
a net and finally split up into isolated strands arranged in fans. 
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Fig. 184 shows the callus in cross section at the place where it leaves 
the old bark, i. e. about at to 5 “ in Fig. 183. Fig. 185 is a cross section 
through the middle of the projecting part of the callus, i. e. about in the 
place k to wh in Fig. 183. In Fig. 184, H represents a part of the old wood 
formed before girdling, g indicates the wide, scalariform vessels of which 
those lying nearest the cut surface 5 " to 5 “ have filled with tyloses (f) as a 
result of the injury, and consequently have become impervious to air; h 
shows the tracheids in cross section, y to (7 (in Fig. 185, C to C') is the 
new wood formation of the callus. We find that the medullary rays (m), 
from the normal tissue {H), are continued, after a short interruption, into 
the callus. The medullary jcays become constantly broader; the vascular 
bundles, the xylem elements of which in normal wood are closely packed, 
are separated further and further by the constantly widening medullary 
rays. The bundles thus have fewer elements and normal tracheids are no 
longer present. The strand (st') consists only of short, wide vessels, and 
narrow ones with transverse walls, tr^ether with wide, thinner walled wood 
cells, abutting on each other transversely. 

The single strand in Fig. 184 (st) in the normal wood has divided in 
the tissue of the callus into two strands (st'), and these again into four 
strands in the part still further from the cut surface (Fig. 185 st'), at the 
same time the new bundles are pushed out of their original position by 
the formation of new medullary rays (Fig. 185 m). They advance as 
separate groups toward the periphery of the constantly thickening callus. 
With the broadening of the tertiary medullaiy rays these thin vascular 
strands (Fig. 185 st'), which (in longitudinal section) seem to branch as 
they growth in length, separate farther and farther from each other until 
they finally disappear entirely near the outer edge of the callus. The 
terminals of these strands are short, broad, porous cells of wood parenchyma. 

It is well known that each vascular strand is made up of both phloem 
and xylem. The wood and phloem are sister elements' In Fig. 184 b, we 
see a group of wood fibres, which belongs to the xylem strand st ; b' and bb' 
represent the phloem, belonging to st', the cells of which, analogous to wood 
elements, have become broader. The radial thickening of the phloem cells 
is not very well shown in the drawing. 

In the fall, when the grapevine has cut off the cortex by a cork zone, 
the sinuous cork layer (k), in the callus, has divided the phloem bundles 
into two parts (Fig. 184, b' to bb') ; c'c represents in Figs. 184 and 185, the 
cambial zone. In Fig. 185, 0 is a pouch cell with calcium oxalate in the 
form of raphides. In some pouch cells sharp, jagged very small protuber- 
ances project from the inner cell wall. 

The first differentiation in the callus may still be recognized after it has 
passed over into the finished overgrowth of the callus, beginning at the outer- 
most cork layer; i. e. if, in Fig. 185, the section begins at the part curling 
farthest downward and then advances upward. If we designate the part 

1 Ratzeburg, Waldverderbnis I, 70. 
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adjoining the old wood (Fig. 183,2 to S), as its innerside, in contrast to 
the spherically convex outer side, the parenchymatous tissue of the inner 
edge, lying directly under the cork zone, is seen even in the second sections 
to color more deeply when treated with iodine than does the corresponding 
part of the opposite outer side. In the same way, by using iodine, a radial 
division of the tissue may also be recognized, for certain bands at first only 
one to three cells broad take on a deeper color than the broader parts lying 
between them. A difference may he seen also in the form of the cells in the 
first cross sections, for those lying nearer the outer edges appear rounder 
than the more densely crowded ones nearer the inner edge; also all the cells, 
lying directly under the corky outer layer, are smaller than those at the 
centre. The lighter colored bands contain cells with a greater radial elon- 
gation, the first indication of the medullary rays. The zone of the renewed 
cell division, which will form the beginnings of the later cambial rings, 
lies close to the inner .side of the callus roll adjoining the region of cells 
which were the last to divide to strengthen the peripheral cork zone. From 
there, in the subsequent cross sections, the division zone moves farther and 
farther from the old wood (compare the curved course in the longitudinal 
section. Fig. 183, c to c'), reaching its greatest distance from the old wood 
outside the plane in which the girdling occurred and again within the old 
' bark, approaching the normal wood until it takes up the usual position of 
normal cambium. 

The principles that have been discussed here in detail with reference 
to the grape are expressed in any kind of girdling, the special structure 
naturally varying with the kind of plant. 

Czapek^ has , shown that, of the conducting elements, only sieve tubes and 
cambiform cells come under consideration for all assimilating products, 
indeed, the paths which convey substances are straight, even in the phloem. 
The phloem parenchyma, like the medullary rays, serves as storage tissue. 
The deposition of reserve substances is influenced by girdling, inasmuch as 
(according to Leclerc du Sablon”) the roots of trees girdled near the base 
of the trunk in the spring at the time of sprouting are richer, and the trunks 
poorer, in reserve materials, than those of trees which have not been girdled. 
The leaves of the former to be sure are not so green, but contain much 
more reserve materials than ungirdled specimens and according to my obser- 
vations color much earlier in the autumn. 

Injuries to the Bark. 


A. Historical Survey. 

The processes of healing a wound which has exposed the wood all the 
way around the trunk often a meter in width, produced by the removal of 

T^k, Fr., fiber die Leitungewege der organischen Baustofte im Planzen- 

Mrper. Bot Centralbl. 1897, 7°'' Pi,' loHqaes sur les mati6res dc reserves des 
‘ Leclerc <»« Jablon, Kecherches 1506, No. 

arbres. Revue gr^nSrale ae Bot., voi. avu , 

4S. p. 447. 



all tissue down to the cambium, have been the subject of observation -for 
more than too years. 

Thus Treviranus* quotes that L. Firsch found some apple and pear 
trees on an estate in the Province of Brandenburg, from which all the bark 
had been removed from the points of insertion of the lowest branches down 
to the roots, completely around the trunk, so that the white wood could be 
seen everywhere. The trees were covered again with new bark. Frisch 
assures us that this experiment will always succeed if made at the time of 
the solstice and if the e.xposed outer surface, over which the sap is spread 
uniformly with a feather, is protected by linen or split cane against the sun 
and wind*. 

The celebrated experimenter, DuhameP, removed a ring of bark from 
several young trees, elms, plums, etc., 7 to 10 cm. wide down to the wood, at 
the time when the sap was flowing and surrounded the wounds with glass 
cylinders, which were closed at the top and bottom against the uninjured 
part of the trunk with cement and tissue. He found delicate, jelly-like 
warts forming on the exposed wood surface, and pushing out between the 
wood fibres of the sap wood (des mamelons gelatineux qui sortaient d'entre 
les fibres longitudinales de I’aubier). These little warts, which push out 
under very tender, probably left over, phloem lamellae, were at first white, 
and half-translucent, later gray, and after 10 days (on April i8th) green. 
These new structures, broadened in the course of the summer and finally 
uniting, produced a rough bark beneath which delicate wood lamellae were 
recognizable. "Airtsi il est bien prouve que le bois peut produire de I’ecorce 
et que cette ecorce est des lors en etat de produire f euillets ligneux . . . ” 

Knight made similar experiments and obtained similar results. He 
found once’ on Ulmus montam, a regeneration of the bark when the wound 
had not been covered. The tree g[rew in a shady place. Knight found in 
old topped oaks, with an incompletely formed new bark growth, that the 
jelly-like warts had pushed out from the parenchymatous cell tissue and "in 
many cases new bark was formed in small and isolated portions only on the 
upper surface,” ^ 

Meyen‘ quotes Werneck’s observations, according to which the regen- 
eration of the bark will take place only if the barking happens about the 
25th of June, when the trunks are still young and the wounded place is 
“very carefully protected against drying by a hollow and closely adjusted 
bandage.” 

We find Meyen’s own theory" in the description of his experiments 
given in his Phytopathology. On April 30th, 1839, in warm sunshine he 

1 Treviranus, Physlologle der Gewilchse, VoL n, 1888, p. 222. 

2 Duhamel, Phyaique des artrres 1758, Vol. II, p. 42. Vol. VII, p. 68. and loc. clt, 
p. 44. Vol. Vllf, p. 66, 67, 

3 Treviranus, loc. clt, p, 223 (Beytr. 223). 

* Meyen, Neues System d, Pflanzenphys. 1837, p, 884. 

° Meyen, Pflanzenpatliologle, publlslied by Nees. v. Esenbeck. Berlin 1841, p. 14. 


• Misccll. BeroUn. Contln, II (1727), 26. 
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removed the bark from the little trunks and larger branches of the hazlenut, 
the snowball, Syringa and willow and, like Duhamel, enclosed the barked 
places with cemented glass tubes, which in addition were wrapped with 
paper, although he made the experiments in thickly shaded places. Jelly- 
like drops were "sweated out” here also, “which always occurred on the 
places where the medullary rays appeared on the upper surface of the 
wood.” 

Microscopic investigation of this “sweating” showed the warts to be 
composed of tender cell tissue, “which enlarged constantly because of the 
gum in the sap, exuded by the medullary ray cells.” 

The greenish color, which these new structures assume, arises from the 
chlorophyll grains. In the course of the experimental year these structures 
reached*a thickness of ii mm, but shrivelled greatly when dried. 

Meyen cannot ascribe the significance of bark to these new structures, 
which are also produced naturally in shady places'. For “no separation into 
different layers, of which the normal bark of the same tree is composed, can 
be seen and moreover there is no trace of sieve tubes in it, which are, of 
course, very important ...” 

This physiologist, very distinguished in his time, who according to the 
Mirbelian theory considered the cambium to be a structureless sap, which 
brought forth such cell structures as those from which it had appeared, has 
indeed the merit of having made use of the microscope to investigate the 
new structures which appeared with the healing of bark wounds. He was 
not fortunate enough, however, to observe the production of wood among 
these new structures and to prove the analogy between these forms and 

normal bark. . 

Probably, the moist air and heavy shading from his cylinder were to 
blame, since as we shall see these factors influence eonsiderably the charac- 


ter of the new structure. ' . , c 

Dalbreb' experimented earlier than Meyen, for on the 21st of June he 
barked an ash and a walnut, enclosed the barked places in a cylinder and 

obtained the same results as Duhamel. . , ■ 

Th. Hartig’ in the spring of 1852 at the time the new annual rings had 
begun to develop removed the bark from 30 to 40 somewhat older oaks or 
6 to 8 meters above the ground and in August found the majorfly of he 
mutilated trees bore as dense foliage as the adjacent ones 
bark had not been removed. On 5 or ^ young trunks a 
pressed out from the medullary rays of the wood, had d <iuj J 
Llv on the sunny side. Anatomical investigations showed that the en^^ 

S “.Ue Pl"”” •"I,-"”' “ “■ 

wood alone and was a product of the medullary rays. 

1 Pflanzenphysiologie, Vol. 1, P. , _„tiaue 1830; quoted by TrOcuI in 
Explanation of the figures (plate 10, Figs. 
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The new structure begins with the appearance of a layer of cork cells 
at the periphery of the healthy medullary ray tissue, cutting off an outer, 
dead part. The living part of the medullary ray now develops several 
layers of parenchymatous cells about its circumference, which cells turn 
green like the medullary tissue already present. By the increase of the 
parenchymatous tissue around the medullary rays, a callus roll is produced, 
which rapidly becomes larger and constantly presses farther outward the 
cork layer which begins with the formation of lenticels. “The new cell 
tissue does not develop on any one place from the living medullary ray, but 
as everywhere new cells are formed in all places inside the cells already 
formed; these reabsorb the mother cell, grow out to its size and widen the 
mass on all sides. In spite of the widening of the callus, due to the growing 
cell tissue, the living part of the medullary ray, nevertheless, always retains 
the same circumference, the same size, number, form and position of the cell 
tissue constituting it.” 

“When the callus reaches a certain size, different parts become unusu- 
ally thick walled, as is also the case in the normal course of the life of 
the bark (stone cell aggregations). Further, on each side of the living 
medullary ray not far from its tip, a vascular bundle develops in the cell 
tissue, which consists of pitted tracheids and vessels between the medullary 
ray and the cork layer.” By the fusion of the individual coordinate tissue 
zones of the new structures, which up to that time had been completely 
isolated and wart-like, a continuous bark layer covered with a cork layer is 
produced, differing only by the radial arrangement of its cell elements in 
cross section from the structure of the normal bark. “Along the sides of 
the tip of the medullary ray, the development of the wood advances up to 
the formation of a connected wood layer, traversed by the cell tissue of the 
old medullary rays just as by newly formed, smaller ones. The various 
wood bundles consist Of tracheids and fibres. True spiral elements are 
lacking. A line of division between the wood and the bark (Meristem zone 
Ref.) is formed more and more sharply with the advancing development of 
the wood, although no trace can be discovered either of phloem fibres or 
of sieve tubes.” 

Th. Hartig’s observations, which represent an important advance, 
show, therefore, that the development of the new bark on a bark injury, 
takes place at the expense of the nutritive substances present in the wood 
and begins with the formation of a callus tissue around the tips of the 
medullary rays. 

It cannot be learned either from the description, or from the drawings, 
which cells initiate the callus formation. 

TrecuB fflls this gap with his thorough anatomical investigations, which 
prove at the same time the participation of the whole young tissue left on 

* TrScul, Accrolssement des vdgrdtaux dIcotylMonds Ug4eux. Annales des 
science, nat XIX, p. 165. 
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the barked wood stem and not merely that of the medullary rays in the 
formation of callus. Nevertheless, under special conditions the medullary 
ray cells can alone cause the formation of callus and yet the case often 
occurs where the callus formation is initiated by the young wood cells alone. 

The young wood cells, the medullary ray cells and the narrow elements 
participate in the callus formation by a transformation into parenchyma 
cells which now increase in numberh 

The youngest cells, left on the wood cylinder, widen, elongate and 
divide. The end cell of the last row of callus cells becomes largest. It is 
often spherical, or club shaped, and the new cross wall is produced generally 
in this stage. The new end cell now formed by the cross wall repeats the 
process. The older cells, lying back of it, elongate and divide. 

Besides this kind of callus formation, Trecul observed still another 
case. While the outermost remaining cells develop into callus tissue, by 
distention and division, it also happens that they show only a slight develop- 
ment, while the innermost young wood cells, lying beneath them, take over 
the role of the actual callus former. Trecul sketches (pi. 7, Fig. n) a 
longitudinal section of the elm, the callus on the edge of which consists of 
short, isodiametric cells, This gradually drying layer has been pushed up 
' from the wood by means of a thick callus layer, of which older cells now 
adjoin the wood. The youngest cells most distant from the old wood, 
lying directly under the outpushed dying layer, have stretched radially and 
formed radially parallel rows. 

Both cases of callus formation can occur at the same time in the same 
specimen. Probably the innermost layers of the exposed cambial body are 
incited to increase by the drying of the outermost layers. 

As my experiments show, all the cells of the cambial region can partia- 
pate in the callus formation, not only the young wood cells, as de Vr.es 
Lks, but also the young bark cells. It depends alone upon which cell 

layers are left wheti the bark is removed. If it is loosened in sue a y 

lhat oi a few of this year’s sapwood cells still capable of 

on the old wood, the callus must be formed f™”, 'over this 

hand the very youngest cambium cells remain in place, thy tAe t 

fornmtion of callus. 

and thinner walled. the best example of this 

^ W ’-h use thfs (te Fig i86) to confirm our theory. B indicates 

^ „ ™M..Ua.ir(.s et les vaiaseaux d’un petit 

1 "Les fibres llgueuses, les rnyow cellulalre proprement dit; car it 

dla^fito^messontmetamorpM^^^^^^ en tlssu utncula.re 

y a une metamorphose r ene de cesj 
ordinaire, et ensuite multipjicauuu 
* TrficuJ loa cit, p. 1®'* 
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with its vessels (v). A to A', according to Trecul, is the old bark of the 
previous year*. The split, which pushed up the bark, extends horizontally 
above the highest vessel (i') to the point marked x ■, from there it runs 
downward toward the right almost to the thin-walled, last-formed cells of 
the previous year, so that the whole group (g) should he considered as a 
new stracture. At x, the loosened bark has 'removed only the outermost 
layers of the youngest wood, or has possibly extended only to the central 
cambial zone, so that the whole sapwood has remained in place. The 
outermost cells elongate (/) and divide (f). The upper cell (r) of each 
row, cut off by the new wall, repeats the process. 



The young wood (sapwood) has been stretched radially by the injury, 
i. e. by the removal of the bark pressure. It forms shorter cells with wider 
lumens but has remained thin-walled, while the vessels already started have 
matured. 

From x out, the young sapwood has been removed with the loosened 
bark and on the wood of the previous year only a few young wood cells of 
the current year were left. These cells have now taken over the formation 


1 It might seem strange that the a;nnual ring at A' ends with a very thln- 
walled spring wood, but such cases actually occur. 1 obtained from the Eifel in 
January larches diseased with canker, the annual ring of which had formed over 
the summer wood a layer six cells thick of thin^walled spring wood. 
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of callus, which naturally lacks vessels, though it reaches the thickness of 
the adjoining parts by a more rapid increase in the lumen'of the cells'. 

Opinions differ greatly as to the life period of barked trunks. 

The best example of an unusually long life period in trees which have 
•lost their bark extensively, and have not replaced it, the exposed wood con- 
sequently falling victim each year to decay, is furnished by Trecul in his 
description of the linden at Fontainebleau'. Yet we have still earlier 
observations. 

In 1709, Parent reported the following observation to the Academy: 
An elm in the Tuileries, which at the beginning of spring, 1708, had lost all 
its bark nevertheless developed its leaves, even if somewhat less vigorously, 
and kept them all summer. 

DuhameP expresses himself as follows in this connection: Trees with 
bark wounds, which remain uncovered, gradually go to pieces (sometimes 


not until four years later). 

At the sitting of the Academy on May nth, 1852, Richard related a 
case, similar to the one described by Parent as something very extraordi- 
nary, since, in the majority of cases, the trees die soon after such injuries. 

Gaudicliaud* disputes this latter statement by referring to trees in St. 
Cloud, in the Luxembourg, and at Fontainebleau, which after such injuries 
lived a great many years, although the outside of the exposed trunk was 


partially destroyed. . 

At the sitting of the Academy of March 7th, 1853, the same botanist 
returns to this point and now cites the linden at Fontainebleau. According 
to Trecul, this tree was planted about 1780 and in 1810 was very irregularly 
barked by some dump carts. On the north side, the barked place was 32 
cm. long, and began 57 cm. above the ground while on the south side 1 
was 405 m. long and began immediately at the surface of the soil The 
barkiig Extended completely around the tree and yet, despite this, the ree 
lived for 44 years (it did not die until .854). The diameter at the place 
o Tnjuiy wa 20 cl, belbw it, t8 cm. The surface of the injured trunk 

,e inje of ^ - 

Tdead lIoThad been reloved, the remaining living central portion was 


“T^^^Tamcteriae Trecurs ‘SSr 

toSXek En g, r's 

SSIS pSvJeut dans la couche de cette ann a, co 

M. A., HI, Botanlgue ISSS, 

arbres dicotyiedonds. Annales di. scwne. 

’“phystnue des W52>. 

4 Compt rend, (from 31st 



8o4 


found to be only 2^4 cm. thick; it was very juicy and looked like young 
wood. Almost all'the root nourishment for the top of the old tree had to 
ascend this slender cylinder, and yet in the year observed, viz : March 29, 
1853, the top developed just as early and had as many leaves and blossoms 
as tlie other lindens. But this tree, which at its base had sent out a numbeiv 
of branches and leaved sprouts 5 to 6 cm. thick lost its foliage in August. 

Trecul ascribes to these shoots the maintenance of the basal part of the 
trunk, below the barked place; they prepared for it the plastic material 
which a normal trunk receives from the top through th^ bark. 

Lindley* describes .an analogous process in a birch branch which had 
been completely robbed of bark and sapwood near the place where it joined 
the tree and yet had continued to grow for several years. 

Th. Hartig- found that a linden, from which a ring of bark had been 
removed, was stiU alive 9 years after the operation; in fact, its fertility 
was increased. 

The court gardener, Reinecken, in Greiz, reports a grafted elm 10 cm. 
in thickness, which for 6 years was connected with its stock only through 
the wood and not through the bark. The Inspector of the Gardens, Roth, 
in Moscow, also found a red beech 75 cm. thick and 25 feet high, which for 
45 years had never been connected with the parent trunk by the bark (as 
Gdppert states) but was connected only by the wood layers. Nevertheless, 
it grew vigorously and was finally broken off by the wind. In the botanical 
garden at Breslau, a linden 14 m. high and one-third meter thick blossomed 
every year. Its bark had been removed completely and carefully in 1870 
for a distance of one-third meter, and above the barked place, an overgrowth 
layer scarcely 2 cm, long had grown in the first 2 years^. 

The result of the barking cannot be determined in advance. The life 
duration in the barked trunk depends considerably on the variety of tree. 
Rapid growing, deciduous trees best endure such extensive injuries. Satis- 
factory results have not as yet been reported for conifers. Hartig* did not 
find any new formation of bark but discovered that the piece of the branch 
below this barked place down to the next lower branch had developed into 
very resinous wood. Stoll“ also could find no regeneration of bark. He 
states, however, that Ndrdlinger had observed a new formation of bark but 
had expressed the opinion that the newly formed bark was not capable of 
conducting the descending sap current. 

Stoll states of monocotyledons that he found a cicatrization of wounded 
surfaces in a Dracaena, from which he had removed the bark. It was kept 
in a greenhouse. 

The resulting phenomena depend not only on . the plant variety but also 
onjthe time of the manipulation and the ease with which the individual can 

» GardeaePs Chronicle of Nov. IS, 1853. p. 726. 

! Hartis, Th., Folgen der Ringelung an einer I.in<ic. Bot. Zeit. 1863, p 286. 

2 Gdppert, Ubcr daa. Saftstelgen In unseren Bttumen. 57. Jahresber d. Schles. 
Ges. f. vaterL Kultur 1880, p, 293. 

* Folgen der Ringelung an Nadelholaisten. Bot. Zclt. 186^, 0 , 282. 

* tlber Ringelung. Wiener Obst- und Gartenzeltung 1876, p, 167. 
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produce accessory organs in the form of adventitious buds and roots. In 
fruit culture, the girdling process is used only as the most extreme means 
of obtaining the setting of fruit in trees exhausted by a too vigorous forma- 
tion of wood. 


Personal Observations. 

To test the processes described 
by earlier observers, the bark was 
peeled from a considerable number of 
strong, about 5 year old, sweet cherry 
tree trunks in July. The upper and 
lower parts of the barked places were 
scraped for a length of 2 to 4cm. with 
a knife to destroy the sapwood; the 
remaining part of the exposed surface 
was left untouched (see Fig. 187). 
Some of the experimental saplings 
grown on open ground were bent from 
their natural, vertieal position to one 
inclined toward the ground. 

The formation of new bark did 
not take place in all specimens, but in 
a few it occurred to a considerable 
extent. Among the latter were found 
some 'small specimens which had 
formed new bark on all sides with 
the exception of the perfectly dry, 
scraped places near the upper and 
lower edges of the cut. The new bark, 
therefore, had no connection whatever 
with the old bark. The Initial stages 
had appeared simultaneously on all 
sides. The thickness of the new bark, 
however, was more than twice as 
great on the lower part of the exposed 
surface as on the upper part ; in fact, 
at the lower edge, it had spread in 
short bands with wartlike thickenings 
in places on the scattered scraped 



Fig 18T. A barked trunk of a sweet 
cherry. All young tissue has been 
removed from the upper and lower 
edges of the place barked. 


areas. In an inclined trunk the con- 
tinuation of the bark had turned away from the scraped place and started to 
grow down toward the ground, as Fig. 187 e shows. 

In Fig. 187, « is the lower and « the upper overgrowth edge of the 
peeled surface. This overgrowth edge, which in structure resembles the 
callus of the grapevine, has not been developed all around the trunk, since 






a part of the bark has been left standing in the loose strips I and I . New 
wood with bark (_nh) has been formed in places on these strips at a little 
distance from the place of their attachment. The real exposed surface of 
the trunk has been cut off from all connection with the overgrowth edges 
because at i and t' the young wood, as already mentioned, had been 
scraped off all around the trunk, in this manner forming an isolating band. 
The new formation of bark elements with the beginnings of wood had 
started on the exposed surface, cur off from all connection with the hark 
and sapwood layers. These new structures do not form a connected mantle 
but consist of isolated grodps. On other, more carefully barked trunks. 



Fig. 18S. Cross-section through a newly produced tissue outgrowth on the exposed 
wood of the barked sweet cherry trunk. 

the new bark extends perfectly uniformly over the bared surface. ' In the 
middle of this surface an irregular zone of exposed wood has remained 
without any new formation. Therefore, the new product (fr) is not con- 
nected with the upper one (a), which is considerably thicker. Common to 
both and just as clearly recognizable in all new structures on other tnmks 
is the thickening which increases from above downward in each individual 
tissue strip and in its appearance resembles perfectly the phenomenon 
produced by the drippings of a badly burning candle. In fact, the lower 
end of the new structure, resembling the callus, is poured in the form of 
drops over the parts of the wood which have remained naked (re). On 
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the trunks which had been kept inclined intentionally the new structure 
hangs free from the axis, like the drippings of a slanted burning candle and, 
in response to the force of gravity, grows downward like an isolated pendent 
braid, perpendicular to the earth’s surface. 

In order to show that the various small spots, as has been observed by 
Meyen, Th, Hartig and others, possibly are not merely productions of the 
medullary rays, one such structure is shown in cross section in Fig. i88, and 
in longitudinal section in Fig. 189. Fig. 188 H indicates the old wood', the 
barked surface of which (t to 1) is partially dead; only the middle portion 
has started new production [N-N). 

The production began with a raising of the outermost cell layer by the 
rapidly forming products of division of the immediately underlying sap- 
wood layer and, in fact, also of the young wood cells together with the 

vessels and the medullary ray cells. 

After the cork zone (i), which is becoming thicker, has surrounded 
the comparatively scanty new parenchymatous tissue (r to p), an inner 
meristem zone appears very early at first in bands and then connected. 
This meristematic zone is new cambium (c to c), which now takes over the 


secondary growth of cork. , , • .1, 

In this way the two processes of growth, which can take place m the 
formation of bark on barked surfaces, differ considerably. If, as is the 
■ case in enclosed wounds, which have been kept moist, the new bark begins 
with a great production of callus, together with a long continued division 
of the peripheral cells, as Fig. 186 shows, the formation of the outer cork 
zone and especially the production of the inner meristem zone t^^es pUce 
very late. In contrast to this, as in the present case, the wounded places 
Jkh hcwe been exposed unprotected to the hot summer sun show the 
second process since the outermost remaining cells quickly thicken t 

Si, ..r, « e““" “ 

n:p;;eoduc.nof.^^^ 

sists m (3), «pidly increase with age the 

beginning with a wedge-like form which 

number and size of their e e the begm- 

constantly narrows toward the / „ement of the elements have 

.ing i. ..ry b™d — T. «... 

.«« .—.roia rfi 

belongs a phloem part (M)^ 

calcium oxalate (0). • ^ ^.jcular bundles in the parenchy- 

watous ground tissue is the sa 
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a parenchymatous ground tissue of considerable extent has been formed. 
By crosS“division of a number of cells which at first do not differ in form 
from the ground mass and are but slightly elongated radially and longi- 
tudinally, a number of meristematic centres are formed from which the 
beginnings of thick-walled tissue elements start. By a very luxuriant 
callus-like cell increase from the beginning, two parallel zones of meriste- 
matic strands can be produced simultaneously, with the tissues as they 
grow older. These parallel zones mature into two wood areas, which 
remain distinct until they have become very thick. The formation of 



Fig. IM. Longitudinal section through the basal part of Fig. 188, about In the zone 
to be found from g to p. 

isolated vascular bundles in the bark of our trees is not rare as is said to be 
shown in tuber-gnarls. 

The first processes of change in the sapwood of the barked cherry tree 
may be recognized in Fig. 189, which gives a longitudinal section from the 
base of the barked portion in Fig. 188. H is the old wood, which because 
of the cut has not changed any further, with its loosely reticulated vessels 
{g)\ In the sapwood, lying just outside it, the cut has so affected the 
nearly mature vessel (p) that its inner cavity has become filled with tyloses; 
these have been used to form new cells and been changed into wood paren- 
chyma. The new layer of wood parenchyma consists of only a few cells 
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and exhibits immediately the first stages of thicker walled elements in the 
form of shorter, porous vessels {gz) as the first production of the newly 
formed cambial layer c-c. Each successive tissue layer, formed from the 
cambium, has longer vessels ; at h, we find thin-walled elements, shortened, 
to be sure, but unmistakably resembling the normal wood cells ; correspond- 
ing to these thin-walled elements, the phloem elements appear at s in the 
bark (r) : ;r is the xylera ray, ph the phloem ray. 

If in the early spring, when the bark is easily loosened, homologous 
cells are tom around the whole circumference of the trunk in the process of 
removing the bark, thereby causing a reproduction of similar bark, arising 
from similar elements, we find that the bark wounds become more irregular 
from the time of the leaf development until late in June. More cell groups 
remain attached to one place on the wood cylinder than- to another and the 
new structures differ accordingly. It thus happens that pieces of sapwood 
of the current year, which contain vessels, are forced up by a callus tissue 
produced beneath them. 

If the bark wounds are left uncovered, the new formation of bark will 
in many cases be more doubtful. According to my experience, the bark 
regeneration succeeds better in July, for some trees in August, than in April, 
May or June. The maple and alder must be barked earlier; numerous 
experiments made on these trees in August gave no results at all. 

If the bark wound, made in the heat of the day and left without any 
protection, whatever, is investigated after some hours (sweet cherry trees 
were used for the experiment) it was found that the color of the originally 
white wood cylinder had changed to yellow. The wound surface owed this 
color especially to the browning of the medullary ray cells. 

The browning is more intense on the southwest side than on the north 


^ The medullary rays are easily recognized by the fact that immediately 
after the removal of the bark they project somewhat above the barked 

tL fact indicates that the medullary ray cells at the same radial dis- 
tance from the median line of tlie trunk have firmer walls than the young 
wood cells, i. e. their development is further advanced than that of the 

poiiallv old cells of the vascular bundle. ^ 

Such an advance of the medullary rays over the other tissue mil stamp 

them as a tissue of increase, .kick creates space for tke ne.ly produced 
wood tissue in the direction of the radius of the trunk^ 

This orominence of the medullary ray groups takes place also m parr 

rapidly and turn brown medullary ray and young wood cells 

The cell contents increase™ J eyptoplasm and 

lying immediately beneath the woun ^ glycerin, rounds up 

later of starch appear, the former, when treated w.tn g y 



into scattered yellow globules. Beneath the outermost cell layer, which at 
once collapses and forms a protective mantle for the underlying young 
tissue, the new cell formation begins by means of cross walls. The 
medullary ray, the cells of which as a rule are in advance of the others, is 
frequently broadened by this new formation since the later ray cells push 
out in a fan over the adjoining wood cells. 

It has already been stated that often the medullary ray cells can remain , 
partially or entirely undeveloped. Then the parenchymatous callus cells, 
which are never round but always polygonal, and are produced from the 
young wood fibres, spread over the medullary ray groups. As a rule, how- 
ever, the whole tissue participates equally in the formation of a thin callus 
layer which pushes out the outermost cells of the old wood. By drying 
these old cells produce a protecting layer. 

While the callus formation through the excrescent apical growth of 
the varibus cell rows is very considerable in the barked places, which are 
kept protected and moist, it is very small in unprotected places. Cork is 
formed at once beneath the dried, outer cell layer and becomes a constrict- 
ing, firmly protecting girdle for the underlying young tissue, which is 
turning green. 

The new formation of bark on barked places may occur in still another 
way. If the bark wound is made in such a way that young bark cells form 
the outermost layers of the exposed surface, they initiate the callus forma- 
tion and the real cambial layer is only slightly disturbed. 

The transition of the callus into normal tissue takes places in general 
in such a way that isolated, short celled, vascular strands occur deeper 
inside the callus after the cork cells have begun to form about its edge. 
About this time thick-walled, slightly porous, irregular, or polygonal cells 
are found, possibly in the same radial direction but more in the vicinity of 
the peripheral zone of the callus. These cells are the first traces of a phloem 
formation. In many trees, the first phloem elements in the form of aggre- 
gations of stone cells are found isolated or soon united into groups. In one 
zone, cells with a cloudier, denser content are found between the phloem 
and the vessel elements. In them occur a great many rectangular walled 
cells, somewhat stretched in the direction of thd long axis of the trunk, 
which might be the very first stages of the newly forming cambium. From 
this cambium are produced gradually the elongated elements which finally 
develop into normal wood and fibres but no more long, spiral elements seem 
to be formed. 

With the development of these normal fibres, the last to appear, the 
new bark may take on the function of the uninjured bark. 

The Bending OF THE Branches. 

Branches are often bent as a special aid in fruit culture. Experience 
shows that shoots which grow upright develop most quickly and strongly 
and that their growth in length will be the more retarded, the further the 
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branch inclines from the vertical toward the horizontal. The same retarda- 
tion of the apical growth is found, however, .if branches are bent artificially 
from a natural horizontal position toward the downward perpendicular. 



Figs. 190 and 191. Artiflcialiy bent apple twig in longitudinal and in cross-section. 


from which it is evident that the bending itself exercises the arresting 
influence. 

No externally perceptible wound is produced if the manipulation is 
carefully carried out, though a somewhat greatet tension may be seen on 
the upper side and a folding of the bark on the under side. 



Fig. 192, Fold in the bark on the under side of the bend. 


The development of the buds is affected by the bending, smce the buds 
below the place of bending swell up more and, not infrequently burst pre- 
maturely. The success depends upon the time and place where the branch 
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carefully bent. This is best seen m a definite example 

190-194 of an aPP'« branch. _ .. jjjg igi (f/). 

The folding of the bark indicated >n Fg. ^ ^^^jUpg the 

Upon examination with the naked eye, widened at the place 

.f IFies. iQO and 191, hp), m the longnu 
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and in the cross section (Fig, 191 k). Except for the folding of the bark 
.body no perceptible uniformly increased thickening is seen in the wood. 

In the apple branch here drawn the proportion of thickness between 
the bark on the under side and the upper side is 50 to 42, while that on the 
under side of tlje wood is 2 to l. The pith (m) seems in the longitudinal 
section slightly brown in stripes, especially in the lower half. Under the 
microscope many of the cells of the pith and the pith crown, often arranged 
in wavy lines. Are found to have a brownish content and browned walls 
which, in various cells belonging to the under side of the pith, are sharply 
bent here and there and at these places separated from one another by 
newly produced intercellular spaces (Fig. 194). The cells show the same 
separation even in the cross section. 

The disturbances to the bark may be recognized most easily in the 


ft 
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projecting folds of the under side (Figs. 190 and 191 , rf). In such folds, 
split off from the wood by the bending, the phloem bundles (Fig. V)2, hb), 
as a rule, show a marked outward curving, corresponding to the peripheral 
cork layers (k) produced in considerable thickness by the squeezing of the 
epidermal cells and corresponding also 4 

to the bark parenchyma (r), which 

has been broken up by numerous holes I t ?=i ~ 

(!) into irregular particles. Some 01 " 

time after bending some bridges of | | 1/rij _ ^ 

radially elongated cell rows are found L. jl' jR M .It 

in these holes, produced by the elon- 

• f .1 i.*it z-zillc Fiff. 194. a pith cells which have been 

gation of the still elastic cells of the in the bending; b those 

young, inner bark. which have remained nnlnjured. 

. The apple branch in question was t.. v, u 

bent at the beginning of summer as is generally done Th« hark 

has been pushed up from the wood at the above described folds m the cam- 
bial region. The relief from bark pressure at these places has resulted 
the foLtion of an abundant wood parenchyma, filled with »^^o " 

in the longitudinal section through the wood (Fig. mhp). After the holes 
have been filled in and the bark pressure re-estjhshed, the wood paren- 

- - 

narenchvma parts growing toward one another and uniting in the media 

bark .a - t™ ^ 

wounds). In all cases vessels rs ? j^ngth and 

after the holes are filled ^ ^ thinner-walled wood cells, 

development, are accompanied a > normal wood 

later by normally long and thicker-walled ones, and thus 


formation begins. 
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After, these wounds are closed, the influence of the bending is still 
always noticeable in a production of wood which takes plage more vigorously 
on the under side than on the upper side. The arrangement of the newly 
formed wood (Fig. 193 h) follows, on the under side, the wavy line caused 
by the cone of parenchyma wood (hp). In contrast to the scantier, simul- 
taneously produced elements of the upper side of the bent place, the prosen- 
chyma cells of the under side are at first shorter and arranged bluntly against 
one another, with broad walls. Further, more abundantly divided wood 
cells and rows of wood parenchyma (hp'), filled with starch, are found on 
the under side between the thick-walled parenchymatous elements. 

On account of the limited space considerable parts of the tissue have 
been omitted in the drawing; also part of the normal wood, formed before 
the bending, as well as a part of the transitional tissue produced after the 
formation of the wood parenchyma and equalizing the bending, In Fig. 
193, fh indicates the spring wood of the current year, g the spiral elements 
bordering the pith (mk). In Fig. 194, a indicates the pith cells, which have 
been loosened by the bending; h, those which have remained uninjured and 
originate from the upper half of the pith body. 

If the bent twig is investigated above and below the bend, it is found 
that in the present case the influence of the bending extends on an average 
over 6 to 8 cm. 

The measurements of the branch, chosen for the drawings, are as 
follows: 

Its thickness amounted to 4.65 mm. beneath the bend, 5.50 mm. at the 
bend and 5.06 mm. above it. The bark showed toward the tip a considerable 
increase in thickness. 

The thickness of the wood, before the treatment, amounted to 


Below the bend 
At the bend 
Above the bend 


upper side 62.0 per cent, j 
under side 61.9 “ I 

f upper side 50.6 “ 1 

I under side 35.2 “ f 

upper side 67.4 “ I 

under side 51.4 “ J 


of the wood cylinder existing 
at the time of the measure- 
ment, and strengthened by 
subsequent growth. 


The increase in growth from the time of bending up to the time of 
investigation amounted to 


Below the hend 
At the bend 
Above the bend 


Autumn Wood 

Spring Wood 

upper side 31.0 per cent. 

8.0 per cent. 

under side 31.9 “ 

6.1 

upper side 39.0 “ 

10.4 “ 

, under side 51.8 “ 

134 “ 

i upper side ^.i “ 

S -9 “ 

( under side 27.2 “ 

21.9 “ 


Therefore, the increased wood growth is comparatively greater on the 
upper side of the bend than above and below the bent place in spite of the 
great tension which may prevail on the convex side within the bend due to 



the bending of the branch'. The loosening of the tissue, manifested at the 
bend, can no longer be recognized on the upper side. On the other hand, 
on the under side it may be traced for 6 cm. toward the tip. 

The wood cells are the widest at the bend but are wider above it than 
below It; they seem to be wider on the under side of the branch than on the 
upper side. 

The anatomical changes vary in quantity according to the size of the 
curve, which the twig describes when bent, as well as the time of bending, 
the species and, indeed, the individuality of the branch. 

Therefore, one has in the bending of branches a simple means for mod- 
erating the growth in length and for directing the supply of water toward 
the buds which, because of their position and nature, are capable of little 
further development. 

The Twisting 
OF Branches 

The effect of twisting 
the branches is much more 
pronounced and persistent 
than that of bending, but 
follows the same general 
principles. It represents a 
further cultural method for 
the fruit grower, when he 
wishes to change the growth 
of branches. During the 
period of growth, a too lux- 
uriantly growing branch is 
first loosened in a short 


d d 



Fig. 195. A brandi bent with its tip downward 
and twisted at the point of bending about its 
longitudinal axis, after the coalescence of the 
inner injuries. 


woody region by a half turn 

of the tissues about their long axis; hereby the tissue is usually crushed and 
split longitudinally and then bent at this broken place, with the tip of the 
branch downward, so that the tip is permanently bent toward the base. Thus 
at the place of twisting the under side of the branch lies on top; the former 
upper side forms the inner side of the sharp bend, in which the wood is 
broken down to the pith. 

The most comprehensive view possible of the changes produced by 
twisting is given in the longitudinal section through the knotty, deformed 
place of twisting, which is a year old (Fig. 195)- I" this figure, m indicates 
the pith which has been destroyed by the breaking of the wood when 
twisted • A is the wood of the present upper side on which a bud is seen at 0. 
Because of the turning of the under side to the present upper side, the wood 


jur Erklirung des exzentnschen JJ Bttcher. H., Anatoraische Veran- 

Wiss. Bot. 1906, Vol. 43, p. 271. 
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has been repeatedly split longitudinally, and the “lamellae” produced by the 
tears have a spiral twist which is indicated by dd. The tears are first filled 
by parenchyma and then the cambial zone, which gradually closes together, 
deposits wavy layers of new wood (n) over the wounds below the unusually 
strained bark (r), which not infrequently splits here and there in spiral, 
longitudinal cracks. 

The ori^nal upper side, which has become the under side from twisting, 
shows still greater disturbances. The wood (A'), broken at w and partially 
split off from the pith, ends in a large knot (u) due to very irregularly 
curved particles of wood parenchyma. This knot constantly increases in 
size with continued growth by the formation of new wood (n ). 

It is easy to perceive that the nourishment of the tip of the branch must 
be disturbed by such an injury to the tissues and that the reserve substances, 
visible as starch in the parenchymatous overgrowth parts of the edges of the 
wound, must be enough for the use of the immediately adjacent buds. From 
what has already been said, it is evident, likewise, that besides this increase 
in nourishment the buds found directly beneath the place of twisting will 
also profit from the increased water pressure. 

The treatment of twisting, as already remarked, is an effective means 
of retarding the apical growth of a branch to the advantage of the basal buds 
ti iti.out, however, causing the uppermost lateral buds, lying below the injury, 
to sprout at once. The lateral bud immediately below the place of twisting, 
grows out to a new, vigorous leafy shoot only when the inj ury to the tissues 
in the twisting has been so great that the leader can no longer receive the 
amount of water most necessary to replace that lost by evaporation. It, 
therefore, dries quickly especially if the maniplation is carried out too early 
in the year. This result is naturally not desired by the grower. A twisting, 
carried out too late in the year, would not produce an effect sufficient to 
prepare the basal buds for fruiting buds, but still would arrest the growth of 
the branch in length and cause a better ripening of the wood so that it will 
better withstand the winter. 

In the propagation of quinces by layering, the branch, which is to be 
layered, is twisted once about its long axis at the place where it is to form 
roots in the soil. This kind of disturbance is similar to that in the above- 
mentioned case; the result different inasmuch as the retarded, descending 
plastic material is used chiefly for the formation of adventitious roots. 

_ German grape growers in the vicinity of Tiflis are said to twist the 
stems of the ripe clusters and, thereby, obtain a better wine. The changes, 
initiated by this treatment, dovetail into one another as follows : the supply 
of water, from the vine to the cluster, is lessened by the twisting of the 
stem. Consequently, the evaporation greatly exceeds the supply and the 
juice of the berries becomes more concentrated. Whatever starch happens 
to be in the stem is carried as sugar to the berries. They break up and utilize, 
therq))y, a part of the organic acids. The same processes occur in the 
ripening of cut grapes. 



The Effect of Constricting the Axis. 


The “Constriction” consists in the close binding of an inelastic band 
(i. e. string, wire, etc.) about a trunk or branch. The results of this treat- 
ment show, to the casual observer, that this constriction of the axis is 
nothing but a local, artificial increase of the sap pressure. But here the 
most extreme case of sap pressure takes effect at once, since the formation 
of new structures below the constricting place are gradually reduced to a 
minimum and finally disappear entirely. The xylem elements, near the con- 
stricting band, thus deviate from their perpendicular course, even increasing 
their inclination to the horizontal, so that I think in the different normal 
trees themselves the more or less spiral twisting of the wood fibres is con- 
nected with the greater or lesser pressure exerted by the sap. 


Finally, the tree becomes so thick above the constricted place that the 
bark splits above the band and later also below it. This removes the sap 
pressure almost entirely. The result is a luxuriant formation of wood 
parenchyma which, with the aging of the plant part, passes over gradually 
in the later annual layers into normal wood and overgrows completely the 
band or the wire. Such an overgrown constriction bears great outward 
resemblance to a grafted place but has naturally no internal structural resem- 
blance to it. 

In Fig. 196 (see page 819) two different stages of the constriction are 
shown Fig. 196, J is a year old maple branch, with a constricted place 
only a few months old. Fig. 196, ^ is an older branch, which shows the 
overgrowth of a wire ring, several years old. Fig. 196, i is a longitudinal 
section of Fig. 196, s, where d and d' represent the cross sections of the wire 
ring' « represents the overgrowth edge, which is more greatly developed on 
one side («') by the increased supply of nutritive substances from the branch 
(z) above it. Here it has overgrown the wire earlier than on the opposite 

'“^^An anatomical investigation of the stage represented in Fig. 196, i 
shows that the constriction at first cannot produce --7 j 

The bark has suffered the greatest disadvantage and ff is chiefly the cel 

layers lying on the outer side of the primary hark, between the phloem 
layers, lymg o aggregations and the epidermal cells, which 

fibres, or between the stone agg g 

seem to he the ffl^DSt pressed g . ti,i<.pened like collenchyma. 

layers toward the ^ ^ja^ter and it would 

Their cells are longer than the corresponding 

seem as if they here y sub-epidermal, almost square cells, are 

cells in an unconstricted f ^‘"^^e^mis suffers least of all. 
compressed to half their ^ ^ ^ several times about 

the branch, apparently aforesaid parts of the bark are devel- 

between every two turns. In t 
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oped in a way exactly the reverse of that at the constricted place. The cells, 
bounding the phloem fibres, which in the normal branch are elongated, 
become considerably broader radially; in fact, they appear like long 
cylinders, lying perpendicular to the phloem fibres ; thereby, the overlying 
bark tissue, which participates less in the radial elongation, is pushed out- 
Tvard. Moreover, the rolls, lying between the two constricted places, are 
not absolutely large ; they are relatively conspicuous only in contrast to the 
depressions. The secondary bark and the wood follow the convexities and 
concavities of the primary bark even if with far smaller variations. The 
pressure, which makes itself felt in the tissues, acts not only where the band 
lies on the bark but also somewhat above and below the actual place of 
constriction; this is seen especially in the cross section of the cells. The 
mutual proportion in the mean of measurements is : 


Normal 
Fig. 196 , 1 n 
11,2 


7.3 


In the Bark 
Roll 

Fig. 196 , 1 w 
11,8 

In the Wood 
6,9 


Constricted 


Fig. 196 , 1 g 
9,4 


4,6 


Therefore, according to these mean figures which, moreover, show con- 
siderable fluctuation, an increase manifests itself only in. the round and 
apparently broader cortical cells ; the wood cells, on the contrary, seem some- 
what narrower than those of the normal wood but it should be emphasized 
that the same maximum diameter of the wood cells has been found in the 
roll as in the normal part of the branch at some distance from the constricted 
place and only the frequency of the occurrence gives the decision. 

If the constriction becomes older, without the band being broken or 
loosened, as was the case with the wire band shown in Fig, 196, £ and y, 
then the pressure of the wire on the layers of the bark finally increases 
because of the growth in thickness of the underlying wood in such a way 
that the bark layers are killed and changed into a brown crumbling mass. 
Finally, the healthy bark splits above and below the wire and inclosure of 
the wire begins. Because the overgrowing layers of the annual ring are 
considerably thicker in wood and bark than at places at some distance from 
the wire, the former constricted place finally projects in a considerable roll. 

Fig- 196, 4 shows the section, indicated in Fig. 196, j at 0, considerably 
magnified. We see here in longitudinal section a little of the old wood of a 
branch [H) before the wire (d) was bound about it and perceive the new 
structures of the overgrowth edge at first in the immediate vicinity (t/) of 
the wire and then a continuation of these tissues from the older annual layer 
([/'). The transitional stages have been omitted for lack of space, likewise 
the representation of the coalescence, extending about U', of the very 
uppermost overgrowth edge with the under one and the representation of 
the transition from the irregularly running wood elements of the overgrowth 




Fig, 196. I Is a constricted one year old branch; 2, a branch several years old which 
has overgrown the wire ring; 3, longitudinal section tlnough Fig. 2; 4, anatomical 
sKetch of a longitudinal section from a zone originating at a In Fig, 3. 
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edge to the normal wood structure, as it gradually forms in the later annual 
layers above the place where the wire is. 

If the wood had grown normally, without the arrestment of the wire, 
its structure would have necessarily remained thp same as before it was 
constricted, as represented at H; wood cells {h) with vessels {g) would 
have been formed in regular succession and this broad wood would have 
been uniformly divided by radially extending medullary rays (m). Instead 
of this, we find the constricted place and above it {h!,h) a kind of wood 
produced by the effect of the wire composed almost entirely of wood cells 
without vessels. Only in the beginning are these wood fibres deposited at K 
exactly parallel with the long axis of the branch; the more they are found 
in the direction (h’,k“ ') the more diagonally they run and the more twisted 
they seem. The wood formed after the wire has been bound on has, there- 
fore, become denser, poorer in vessels and more twisted. The medullary 
rays, which otherwise run as straight radial bands from the pith toward the 
1 ark, are as twisted and outspread toward the top as the wood cells, so that a 
section made exactly in the direction of the radius intersects several of the 
curved rays (*«”). 

The difference between the wood cells and medullary ray cells is not 
noticed until at some distance from the wire. In the immediate vicinity of 
this we find an almost uniform parenchymatous wood (hp), of which the 
edge is dead and black and represents the dark line which may be seen in 
Fig. 196, 3, extending upward a little distance from the wire {d'). The 
black furrow no longer extends entirely to the outside, since the later 
annual layers (Fig. 196, 3,u') have already united with one another. These 
overgrowth edges, united with one another to form a common, connected 
wood layer, are indicated in Fig. 196, 4, by the tissue H! Here we find the 
ducts ig') and' the wood cells {nh') formed as in normal wood (only 
shorter) but their course is horizontal instead of vertical in the plane lying 
at the same height as the wire. Only at some distance from the actual place 
of constriction upward or downward do these elements begin to pass over 
gradually into their normal perpendicular course (Fig. 196, 4 g'K). The 
browned, or blackened, zone {hp) is not continued to V. 

The term “browned” or "blackened” has not been chosen without good 
reason, for the color from t to ( is as black as ink, from there toward <’ a 
brownish black. In fact, it is ink which colors the clotted cell contents near 
the wire. The tannic acid of the tissue has combined with the iron of file 
wire and, therefore, killed the cell contents in the immediate vicinity. 

This compound is diffused for considerable distances and, in fact, 
farther into the old wood through the medullary ray tissue than transversely 
through the wood cells. The fact that the wire lies directly against the old 
wood and has killed a zone of it should not be surprising, when we think 
that the constantly increasing pressure of the distending branch against the 
inflexible wire, leads to the compression of the soft bark and the cambium 



and kills them. The dead tissue can be recognized only in small fragments 
along the wire. ^ 

We have already explained above how these different tissue forms are 
produced by the sap pressure, at first greatly increased and then nearly 
removed by the splitting of the bark around the wire. The almost complete 
breaking up of the split bark makes possible the appearance of wood paren- 
chyma from the cambial zone; later, if sap pressure begins because of the 
uniting of the wound edges over the wire, thus enclosing it, true wood cells 
and vessels again appear but the arrangement of these elements for some 
time is horizontal, or spiral, diagonally ascending, caused by the strong 
pressure of the wire at the time when the cambial zone still lay back of it. 

The extreme twisting of the wood fibres, which can be confirmed also, 
to a slighter extent normally, in a great many trees, and manifests itself in 
different degrees in individuals of the same species, is physiologically inter- 
esting. The twisted growth is more noticeable in dry places. The greater 
twisting of the wood fibres, probably caused by the bark of specimens grown 
in dry places which becomes inelastic sooner, is less easily split and, there- 
fore, exercises a higher pressure. 

The practical purpose of constriction is the same as that of girdling but 
without the danger entailed by a complete removal of considerable parts of 
the bark. 

Branch Cuttings. 


The term cutting is applied to any part cut from the parent plant, which 
by its reserve food materials incites various cell groups, chiefly those near 
the cut surface, to renewed vegetative increase so that a cicatrization tissue 
is formed. The separated part by forming new roots develops into an inde- 
pendent plant. A work by Simon’ throws light on the anatomical conditions 
and the dependence of tissue differention on external factors, which appear 
during the pressure and can not longer be taken into consideration. 

It may be asserted that an asexual propagation of this kind may be 
found in all classes of the vegetable kingdom and may take place from very 
different organs. We recall here the continued growth of tom off mycelial ^ 
threads, of cut sclerotla, of isolated fruiting stems of the frondiferous * 
mosses and of leaf and blossom parts of phanerogams. Beside the fre- 
quently occurring root cuttings, cases have also been known of the formation 
of roots from fruits. 

. We are concerned here for the present with cuttings from branches, 
the cut surfaces of which react to the wound stimulus by the formation of 
callus In connection with this, we will then discuss propagation by root 
cuttings, the cicatrization of which also begins with the formation of callus. 
The transformation of the callus into an actual overgrowth edge by the 
formation of a peripheral cork zone bears very great resemblance to the 
formation of the overgrowth edges on girdled, or transversely cut, woody 


~ .*.,110 nntersuchunEcn liber die Ditterenzierungsvorgiitige 

1 Simon. S., SS lSOS ^ ^ Borntrager, 

Im Calluagewebe von Holzgewachsen. Leipzig 
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branches. But in cuttings the moist medium, in which the cut surface is 
placed, acts as a modifier. A difference should also he determined accord- 
ing to whether the branch furnishing the cutting was already in a. woody 
condition, or was still herbaceous. Instead of extensive analyses, we will 
give here illustrations of an herbaceous Fuchsia cutting and a woody rose 
cutting. 

The basal part of the Fuchsia cutting (Fig. 197) is shown in longi- 
tudinal section ; j to J indicates tlie original cut surface ; the elements appear- 
ing below this line were formed after the cutting was made ; above it (s to s) 
lie the original tissues, only one-half of which have been shown, m is the 



Fig:. 197. Fuchsia cutting. 


pith ; h, the wood, r, the bark, in which extend the phloem fibres (b). These 
as well as a part of the wood cells (h'j have browned on the cut surface and 
died. The outer bark (r') also has dried up in the region of the cut surface. 
The younger, inner bark layers, on the contrary, and especially the pith, 
have healed over the wound surface by an abundant cell increase. The 
outer part of this cicatrization tissue is turned to cork and this cork layer 
(k) has grown to a considerable size through the activity of the cork cam- 
bium (ke), which forms the protection for the more tender, inner bark 
tissue. In the callus bark we find the broadened pouch cells (0), with 
calcium oxalate in raphides. Near these are isolated cell groups, with 
thicker walls (b’), which represent the phloem of the vascular bundles 



already formed in the callus, their wood being suggested by strands of short, 
reticulated vessels {g"). These adjoin the vessels in the wood of the cut- 
ting, the thin-walled wood cells of which, rich in starch and bounding the 
pith, have participated in the formation of callus. The old wood of the 
cutting was tom when cut. The tom place (d) is filled with callus and the 
cambial zone (c to c) may be traced even into this tom place; it passes 
through the callus in a connected curve. The normal cambium of the cut- 
ting lay on the outer side of the wood (k). By cutting off the branch in 
making the cutting exactly the same change has taken place as in the ringed 










Fig. 198' cutUng. 

the rose cutting (Fig. 198) • 
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Here too r to j indicates the line of the cut; all below this is callus 
formation, which has pushed out the thick rolls from the original cambium 
and spread over the cut surface from its outer edge inward. In the longi- 
tudinal section shown in the figure, we distinguish a roll (co') cut through 
radially and a callus (co'), projecting outward from the back edge and then 
cut across, the bark of which has already united with the laterally incurving 
ca. Thus, in this older rose cutting at any rate the pith is covered but this 
takes place by the union of edges, curving in from the periphery toward the 
centre, while in the Fuchsia cutting illustrated above the main mass of callus 
is formed by the pith itself. 

The indication of the various elements agrees in general with that of 
the preceding drawing, m is the pith, which was here tom when cut. The 
cut‘(“) has been filled with callus projecting out from the back edge; h is 
the old wood, formed before the branch was cut off; nh, the new wood 
formed during the period of propagation, exactly corresponding in character 
to the new wood of the callus in the grapevine. This begins with short, 
wide, porous, thick-walled cell masses, rich in starch, in which occur like- 
wise short reticulated vessels. Their elements become narrower and nar- 
rower toward the outside and more elongated, more and more resembling 
the normal ones the later they are formed after the cut is made, i. e. the 
closer they lie to the cambial zone cc. This cambial zone extends around 
the cut surface of the old wood in broad curves and is covered on the outside 
by the newly formed bark {nr) which is not completely reproduced in the 
drawing. We notice on the outermost edge of the bark the corked and 
dying first stages of callus (0), extending at first over the cut surface and 
formed of broad, spherical to pear-shaped cells, arranged in rows, the end 
cells of which are rounded. These cell rows are increased at first at the 
ends, since the outermost cells have enlarged and been divided by cross walls, 
and the small end cells thus reduced in size repeat the process when growing 
further. 

In the callus roll (co“), which extends from the back outward, and has 
been cut transversely, g indicates the short reticulated vessels, which repre- 
sent the beginnings of the new wood. Around this extends the cambial zone 
(c'). it is the old phloem strand, formed before the cutting was made. It 
has been pressed far away from the old wood at the cut surface by the 
abnormal new wood formation, and has died at its free end. The cells lying 
against both sides of the phloem fibre groups have been released from the 
sap pressure by the cut and have stretched transversely (/), while in a 
normal condition they \ould be elongated. The remaining outer part of 
the old bark (r) has not changed and has closed the wound with cork. 0 
indicates the rhomboid, isolated crystals and stellate druses of calcium 
oxalate. 

The new roots grow sometimes from the callus itself, sometimes from 
the basal regions of the cutting above the callus, according to the plant 
species. 
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The Utilization of the Various Axial Organs for Cuttings. 

Callus formation itself as we see is, therefore, the simple process of 
healing a ransverse wound. The formation of the cicatrization tissue at 
the base of the cutting is aided by especially favorable conditions. Except 
m hea mg the upper edge of the wound, the reserve substances in the cutting 
momentarily find no other use than in the cicatrization of the lower wound 
surface, since the usually shady place of propagation does not favor the 
bursting of the buds. Where the growing conditions given the cuttings 
through ignorance cause a rapid development of the buds, the formation of 
callus and roots is reduced or fails entirely. In the second place, the moist 
place of growth and the usually increased temperature of the soil act in 
such a way that cell increase is favored on the lower cut surface, i. e, the 
cicatrization tissue assumes a very luxuriant character. The formation of 
callus is not absolutely necessary for the cutting. Plants, which very easily 
produce adventitious buds, reduce their callus tissues to very small amounts. 
They cover their cut surface by a formation of cork and utilize their reserve 
substances at once for the formation and further development of new root 
primordia. Here an abundant cell increase occurs only in the cambial zone, 
lying immediately in the cut surface, whereby the base of the cutting 
enlarges considerably (Begonia). The formation of callus can become very 
injurious in trees which form adventitious roots with difficulty, since by its 
especially abundant development it consumes the material provided for the 
formation of new roots. We find, at times, enormous knotty callus swell- 
ings without any formation of roots (conifers). 

The kind and age of the cutting and the vegetative conditions given it 
determine which tissue shall participate in the callus formation. The 
cambium always takes part in this. Where it does not assume exclusively 
the process of healing, it is assisted by the parenchyma of the inner bark, or 
also by a part of all of the parenchyma of the pith. Further, even the 
parenchyma of the wood and that of the older bark can participate in this. 
In herbaceous, rapidly growing plants, even in their thick-walled elements, 
a cell increase occurs near the cut surface because of the formation of 
tyloses in the vessels and of a new formation of cross walls in the collen- 
chyma of the older bark. It has been observed here ^ that the thickened 
walls of the collenchyma cells and the vessels in the immediate proximity 
of the tyloses swell up, become porous, and are, in part, re-absorbed. 

The more living parenchyma therein present, the more rapid and 
abundant is the callus formation. The cuttings are generally made at a 
node directly beneath a bud. In a cross section through a bud-cushion it is 
fouiid that the parenchyma mass is greatly developed here by the passing 
over of the medullary connections into the bud. At the node the pith 


1 H. Crtiger on Trinidad; Wefitindische 
Oewebesveranderungen bei der Fortpflanzung 
acaea. Bot Zeit. 1860, p. 371. 


Fragmente, XII. Einiges tiber die 
durch Stecklinge bei Portulaca oler- 
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parenchyma, as a whole, is usually living and capable of dividing, while it 
has died in the remaining part of the branch and is partially tom. 

It should be remarked, however, that no constant rules may be given 
for the kind of callus formation. Often, especially in herbaceous plants, 
the cuttings form only very little if any callus on the wound surface, swell- 
ing out and being cut off by cork, but in another case the plants furnish 
considerable masses of callus. The perfectly herbaceous summer cuttings 
of Vitis, especially the American varieties, usually develop but little callus; 
sometimes, however, great masses of it. The same is true for rose cuttings, 
if they are cut in the early spring in a vegetative soft condition, from forced 
plants and stuck in a warm sand bed. A large supply of food and its slow 
utilization awaken a tendency to callus excrescence. 

A work by J. Hanstein', provided with a detailed' biblio^aphy, takes up 
girdled cuttings. He found that such cuttings, with isolated wood and bark, 
which had been girdled near the base, developed roots above the girdled 
surface and not on the under cut surface. If cuttings, which had already 
formed roots, were girdled, the further development of these roots ceased 
and a new formation began directly above the girdled surface. An excep- 
tion to this rule is found in all those plants in which fully developed vascular 
bundles are found or, at least, a fully developed, sieve tube system in the 
pith. In them despite the girdling roots are found on the under cut surface 
of the cutting. When stating these results, we need only add that the oper- 
ation must be carried out with ripe, or nearly ripened axes in order to obtain 
these results. If very young herbaceous tips of woody plants are used, in 
which also the girdling can be done cleanly only with difficulty, the new root 
system is produced on the cut surface, or in its immediate vicinity. In this 
all the tissues with the exception of the old prosenchyma elements participate 
in the callus formation. The part above the girdled surface then freijuently 
dries up. The same phenomenon may be observed if cuttings are placed 
upside down in the earth. Only infrequently do such cuttings grow further. 
After they have formed callus and even roots on the end standing in the soil, 
which is organically the upper end, they usually die back from above down- 
ward to a small basal part and then develop new shoots from this. 

The results are of practical importance inasmuch as they clearly illus- 
trate the transference of the plastic material, necessary for all new structure 
formation. We see that the main paths for the building materials should 
be sought in the sieve tube system in the bark. If such paths exist also in 
the pith, a transference of the plastic substance likewise takes place there. 
Besides these main paths there are also in cases of necessity side paths, which 
become of importance. The parenchyma cells of the bark and pith will also 
conduct the plastic materials upward and downward and likewise, as we see 
in the new formation of bark on bark wounds, the medullary ray cells in the 
axis can radially transport dissolved, reserve substances; but the quantity 

1 Hanstein, Johannes, fiber die Leituner des Saftes durch die Rlnda Prlng- 
sheiiii’s JahrbUcher fUr wlssensch. Botanlk, Vol. n. 1860, p. 892-467. 
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transported in this way is small and, therefore, insufficient for any new 
structures worth mentioning. The plastic substances are carried much 
more poorly organically upward, i. e. toward the tip, than organically 
downward. 


As we see from cuttings set upsidedown and can perceive also from 
intentionally reversed grafts, under favorable conditions a transference of 
all fluid materials in the plants, the raw soil solutions as well as the plastic, 
organized constructive substances, is possible in all directions. The most 
easily passable paths are naturally used first; when any hindrance occurs 
there the side paths become of increased importance. In cuttings callus can 
be formed on every wounded place and this callus can produce axes con- 
taining chlorophyll and roots. Whether such a case will actually occur 
depends on external conditions and the typical developmental law peculiar 
to each plant, changed only with difficulty. Many plants form adventitious 
roots from the internode so rapidly that the callus formation on the cut 
surface has not sufficient time to make any development worth mentioning. 

Corrtradictions in the results of the various observers are explained by 
the diversity of the external influences. Thus Stoll* states that no callus 
became visible with Pogostetnon Patchouli, while Hansen^ observed it. The 
former found no new vegetative points were developed from the callus 


tissue, while the latter could prove them, etc. 

In practice it is advisable in propagating bushes not to make cuttings 
from, ripened, old wood but from succulent shoots, which when possible are 
taken from plants forced in the winter in greenhouses. Under certain con- 
ditions it is advisable to make cuttings also from plants, which as a rule are 
propagated from seeds. It is a well known fact that cucumber and melon 
plants from seed of the previous year make very luxuriant foliage growth 
but set fruit less abundantly. Old seed with contents poor in water, how- 
ever like wilted seed potatoes and the like, behaves more favorably since 
the vegetative activity of the plant appears to be modified. Cuttings from 
the tips of vigorous shoots of cucumber and melon plants, forced m the hot 
bed and bearing the first fruit possibly in May, give within a few days and 
about this time well rooted plants with greater fertility than plants from seed. 

Here at the end of the chapter, it is necessary to call attention to the 
fact, that propagation by cuttings is often used for the development of new 
varieties. Many teratological and pathological -fi ions, which appea^ 
temporary in different parts of the plant, become fixed in the cutting. A 
ZrZy plants with highly variegated foliage, varieties with double 

permanent by cuttings, rempntaty invents 
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valuable suggestions for further experiments along this line. According to 
Beissner* in order to obtain Chatnaecyparis squarrosa from cuttings of 
Biota orientalis only the smalt branch axes with decussate leaves should be 
used, which are found close above the cotyledons. The majority of these 
little branches always give Biota meldensis, but with an evident scale-like 
position of the leaves, Biota orientalis. Likewise, 'cuttings of the first shoots 
of Callitris quadrivalvis give a new form. The fixed juvenile stage of 
Cupressus sempervirens may be seen in C. Bregeoni; the first shoots of 
C. Lawsoni give a form with squarrous leaves. Retinospora ericoides,, 
Zucc. was obtained from Chamaecyparis sphaeroidea var. Andalyensis. 

The diversity of plants obtained from the ivy according to whether the 
cutting is taken from blind or blossoming wood is well known. 

Aside from the often simpler leaf form of blossoming wood, which is 
easily transmitted to plants from cuttings, we often find their habit of 
growth to be more dwarfy and bushy. The subject of the retention of 
juvenile forms has recently been treated thoroughly by Diels“. 

Propagation by root cuttings is still but little used, although very advan- 
tageously in many woody plants. Paulownia, Ailanthus, Syringa, Aralia, 
Mespilus, Rosa, Malus may be propagated by removing larger root branches 
before the first growth in the spring, or before the second growth in July. 
These are cut into pieces possibly 5 cm. long and laid flat in rows in the soil. 
New plants rapidly becoming independent by their own root formation are 
produced at different places in the piece of root by adventitious bud forma- 
tion. Among the conifers. Araucaria, Podocarpus and Gingko are said to 
be advantageously propagated by root cuttings especially if these are set in 
a warm bed. Large root stocks survive splitting lengthwise ; each half then 
develops adventitious buds. 

Some plants may also be propagated by bud cuttings (Vitis, Paeonia 
arborea). The buds are cut from the old wood in the spring just as if one 
were cutting long buds with some wood for grafting and these bud cuttings 
are laid flat on the surface of the soil in pots. It is advisable, however, to 
excite rapid growth by warming the soil. 

We can also speak of tuber cuttings, since there exists a method of 
propagating plants by boring the eyes out of the fleshy tubers with a part 
of the tuber tissue containing reserve substances (potatoes, caladiums). 
Usually the part of the tuber, which has been cut out, forms cork on its 
exposed wound surface at the expense of the starch and retains the remain- 
ing reserve, substances for the first nutrition of the eyes, which become 
independent quickly by the development of adventitious roots. The cutting 
of seed potatoes should be discussed in this connection. In practice the 
precaution is observed, as a rule, of not placing the pieces of tubers in the 
soil immediately after cutting. This precaution is perfectly justified, since, 

1 1 Beissner, tJber Formver^nderung von Konlferenstlmlingen. Regel’s Garten- 
flota 1879, p. 172, olt. Bot. Jahresber. 1879, II, p. 

i Diels, L., Jugendformen und Bltltenrelfe Im Pflansenrelch. Berlin 1906, Gebr. 
Bomtr&ger. 
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in planting freshly cut pieces, a decay easily occurs among them as soon as 
even a little moisture is present in heavy soils. If on the contrary the cut 
pieces are left a few days in the air, corl< layers are formed under the cut 
surface, which protect the pieces of tuber. If the tubers are cut too early 
before sprouting, it may happen in some varieties that the pieces remain for 
some time in the soil apparently unchanged without any sprouting of the 
eyes. It is, therefore, advisable with tender varieties to spread the tubers 
before planting in a light, warm place until the eyes begin to enlarge and 
then to undertake the cutting. 

The importance of the cork formation on the cut surface is shown by 
an experiment made by Appel', who supplemented the results of studies by 
Kny“ and Olufsen". White the two last named investigators perceived the 
tuber’s chief protection against infection by parasites to be the wound 
periderm forming beneath the cut surface after a short time, Appel proves 
that the potato is able to protect itself before the wound cork is produced. 
He finds that in the most favorable cases the periderm formation sets in 
only on the third day after the injury and ends after two days more. There- 
fore, the wounded place would lie unprotected for that length of time 
against the demonstrably rapidly penetrating bacteria of decay if the walls 
of the undestroyed cells lying directly beneath the wound surface did not 
turn to cork immediately on the side toward that surface. In fact, this cork 
deposition completed after twelve hours was found in a part of the cell wall 
of the first and second cell layers beneath the wound surface to be entirely 
sufficient to prevent infection from BacUhs pkytophthorus. The process 
of suberization develops less well if the pieces of tuber dry at once and are 
kept warm (for example, within doors). The outermost cell layers of 
cut surface then dry up so quickly that the two factors ^ ^ 

turning to cork, viz: oxygen and moisture, have only insufficient access 

the tissue layers un^er consideration. , , , , , 1 the 

The closing of wounds in all fleshy parts of plants takes place in the 

same, or a similar manner*. 

Grafting. 

Improving the stock by grafting consists in. the artificial removal of one 
or more buds and their insenffin m a Uving P- of 

further nutntion an eve grafting wax from the injurious effects 

fast by a bandage and protected by ^ called 

of the atmospheric conditions. T , • „ 4 "stoci." The newly 

te W .B. .1.. “”*"^7 J '‘ “i i. ; n b, 4. 

produced tissue furnished tn part by the stock ana p y 

— Otto Zur Koontnis de. Wuudverschlusoei, hel don Kartottetn. Ber. d. 
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which unites the two artifically connected members, is called the “connecting 
layer," or, according to Gdppert, "intermediary tissue.” The scion is either 
a single bud, which has been separated, together with a part of the adjacent 
bark, or a piece of a twig with several buds. According to the cultural 
purpose the scion can be inserted at the place of its removal, or at some 
other place in the same individual or (most frequently) on some other indi- 
vidual. In the first phase, only the effect of the injury; in the latter, in 
addition the influence of the difference in character of the scion and the 
stock will have to be considered. 

This process of improving the “stock” will have to be considered first 
of all as a process of wound healing; the favoring, or arresting influence, 
will have to be taken into account secondarily, due possibly to the mutual 
interaction of the two artificially connected plant parts. 

Among the authors treating this subject thoroughly, Gdppert' should 
be named first of all. He took up the subject especially through anatomical 
studies. A year after the publication of Gdppert’s well illustrated work I 
published a supplementary article, in part confirming it and in part correct- 
ing it'. Among the earlier physiolopsts, the statements of Hanstein', of 
de Candolle*, of Treviranus* are especially worthy of consideration. 
Thouin* made a systematic compilation of all the possible variations in the 
process of grafting. He based his work on Duhamel’, La Quintinye*, 
Rozier*, Cabanis'" and the other horticultural writers and by means of 
abundant bibliographical citations facilitated tremendously the study of the 
history of the art of grafting. 

Of the various forms of grafting which Thouin describes in his book 
under separate names and usually illustrated, only a very few have found a 
general acceptance. All the forms in use at present will from a pathological 
point of view be best arranged in their respective values, according to the 
degrees of injury which the stock suffers and according to the greater or 
lesser degree of ease with which the wounds can be healed. Under other- 
wise similar circumstances, the success of the manipulation will be the more 
certain the more rapidly the tissue of the scion forms a firm connection with 
the stock and, since this connection is brought about by means of the newly 
produced cicatrization tissue of the wound, the rapidity with which the 
wound is closed becomes the standard, chiefly, if not exclusively, for judging 
the value of the form of grafting. 

1 Gappeit, Uber innere Vorgtinge bet dem Veredeln der Bdume uud Strducber. 
Kaasel 1S74. 

2 Sorauer, Vortauflge Notiz (Iber Veredlung. Bot Zelt. 1875, p. 201. 

® Hanstein, Dr. J., Das Reproduktionsvermtigen der Pflanzen in Bezug auf 
Ihre Vermelirung und Veredlung. Wiegandt’s VoUcs-und Gartenkalendar 1866, 
p. 190. 

4 De Candolle, Physiologic v^ggtale 11. 

• Treviranus, Physiologic der Gcwichse 1838, 11, p. 647. 

« Thouin, Monographic des Pfropfens. Bcrg^s translation, 1824. 

r Duhamel, Physique des arbres 1758, II, p. 75. 

• De la Quintinye, Le parfalt Jardlnler. Paris 1695. 

• Rosier, Cours complet d' Agriculture, Vol. V. p. 846. 

49 Cabanls, Prlnclpes de la Grelte, p. 106. 



The phenomena of union possible in grafting may be traced to the 
healing processes of three classes of wounds which I have called bark 
wounds, surface wounds and cleft wounds. 

The injuries termed bark wounds (as evident from the earlier chapters) 
are those produced by a complete removal of the baric, so that the wood is 
exposed without, however, losing any of its parts. The form of grafting 
in which this peeling process forms the main part of the injury belongs to 
the type of budding. Here, at the time of the greatest cambial activity, the 
bark is raised for a certain distance from the wood of the stock and the 
scion (bud) is inserted into the exposed place. This scion consists of a 
single eye with a small bark shield (budding with bark), or of an eye which 
has been cut out with some wood from the parent branch (budding with 
wood) or of a piece of an entire twig which can be inserted in different 
ways and is shoved under the bark of the stock with its cut surface against 
the wood cylinder (bark grafting). 

Under the term "surface wound” are included all the injuries in which 


a piece of the wood is taken away together with a complete removal of a 
part of the bark. The surface wound looks and behaves differently, accord- 
ing to whether this wound surface is produced by a longitudinal or a cross- 
cut. If the piece is cut from the axis longitudinally, the elements of the 
bark and wood are exposed lengthwise. The rain water runs off easily 
from this surface wound, while in a cut across the trunk it collects in little 
troughs and can much more easily cause the decay of the wood, A hori- 
zontal surface wound is always much more dangerous for the axis than one 
running vertically. On this account in general practice diagonal cuts are 
usually made, instead of horizontal ones. 

The kinds of grafting, in which surface wounds come into play chiefly, 
or exclusively, belong to the type of “Copulation.” The simplest form of 
this consists in the setting of a scion in a diagonally cut surface, produced 
by the cutting off of the tip from the stock where it is of the same thickness 
as the scion. Most nearly related to this is the single and double saddle 
graft. The scion and stock can be united also by actual longitudinal surface 
wounds, if the stock is cut at the side in only one place without loosening its 
tip. The scion either remains attached to the parent plant and, likewise is 
cut only at the side (ablactation), or cut off from the branch as in othj 
forms If grafting, it is fitted to the stock by lateral paring. In order hat 
the scion may fit more closely in a lateral position, its lower end is cut to a 
wedge and this end is forced into a cleft at the base of the surface wound 
of the stock In many plants (Camelias) the scion is not infrequently cut 

form of grafting with such wounds is cleft graj y 



Tig. 199, A budded rose. 
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generally in Germany but now only for isolated, special cases to rejuvenate 
older trunks. Cleft grafting consists of pushing a scion, cut wedge shaped 
on two sides, into a cleft in the stock which has been cut off square. This 
cleft is produced by splitting or by cutting out a wedge from the wood. 

In considering the processes of healing, i. e. processes of union in the 
different forms of grafting, we must distinguish first of all whether this has 
been carried out on soft wood, or on branches of mature, strong wood. In 
the first case more tissues participate in the formation of the "layer of 
union” than in the latter case in which a mass of tissue is chiefly involved, 
formed from the cambial zone (at times also from the pith zone). This 
tissue forces itself into the space between the scion and the stock, or figur- 
atively speaking must pour in between the two adjacent parts. 


OcULATION OR BUDDINC. 

The most interesting processes of union are found in oculation. In the 
plate here given, a budded rose is pictured. In one-half of this drawing 
(from r to a), the tissue structures are. shown after six days; in the other 
half (from s to j) after about four weeks. The section through the place 
of budding clearly shows the inserted bud at E, the stock at w. In the 
stock, hh is the old wood of the previous year, sh, the wood of the current 
year, formed at the time of oculation. R L are the bark strips, raised by t e 
T-cut ; in them, i> should indicate the phloem fibres, t the dead tissue of the 

cut edge. 

At the time the bark strips were spread out from one another by the 
inpushing of the bud (£), the cambium was very active. The ra.smg o 
the bark takes place here in the sapwood in such a way that the youngest 
vascuSirimofdia (,) and the cambial layers (r) lying in front of them 
remained attached to the bark strips. 

Often only the bark is raised. In fact, under some conditions, pieces 

rideTrthMruTirrdifferent loo’sening quality. _ Therefore, 
the procelLs of healing are unlike in the same species and variety 

the same grafted individual at different heights. 

nized on the edges of the »ouo ^ exposed 

..fh of these " 
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wood toward the periphery. The first developmental stages differ according 
to the life activity of the exposed cells. As a rule, all places on the exposed 
wood are not covered with sapwood capable of increase. If the tissue of 
the sapwood does not begin to increase, the cell walls on the edges of the 
wound swell and turn brown, together with their contents ; they also collapse 
somewhat and form an irregular thick yellow stripe. The walls in the cell 
groups, which are adjusting themselves for increase, usually turn brown 
only slightly and frequently after a short time begin to form wound callus. 
The thin-walled tissue, gradually growing out in parallel rows (ok), is the 
wound tissue, the growth conditions of which were described under wounds 
due to barking. In Fraxinus, for example, this could be observed to be l6 
cells thick after two days. The arrangement of the callus is comparatively 
rarely as regular as it is shown in the drawing. Because some parts of_the 
wood do not form wound callus, the adjacent cell rows radiate from one 
another and cover over the places remaining inactive. This callus forma- 
tion is so rapid that the covering of the inactive places and the close union 
of the elements coming from the different sides is a matter of course. 

The bark strips on an average proceed less rapidly to the formation of 
wound callus. The products of the new formation are also different. To 
be sure, the peripheral cells, rich in cyptoplasm, project somewhat (k) soon 
after the operation, but cell increase does not always occur or, in case it 
does begin, its product is only cork which can protect the wound surface. 
The formation of new structures is more energetic and increases until an 
abundant wound callus tissue is formed usually first toward the inner angle, 
where the bark strip is firmly attached to the wood (ok). 

The rapidly formed wound callus masses of the bark and wood, as well 
as ultimately those of th^scion, unite and in the shortest possible time form 
a temporary protection for the graft wound. We say "a temporary protec- 
tion” for, actually, the tissue as yet reproduced is only short-lived. As soon 
as the the callus tissue has acquired a considerable extent and seems exposed 
to increasing pressure, a meristem zone is formed in it at a certain distance 
from the periphery, which at times is strengthened by cork cells. The 
maturing of this meristem zone depends upon the distance between the stock 
and scion. At times, at a very short distance, only a few lateral, isolated 
aggregations may be recognized but when the intermediate space is great 
and the wound callus formation luxuriant, continuous zones may be discov- 
ered, which often after having a looped course are connected with the 
sharply protruding cambial zone of the older overgrowth tissue formed on 
the bark strips (cc,cc). 

The meristem zone is not drawn in the young wood callus because it 
does not appear until later. 

In common with the cambial zone of the bark strips (cc), this callus 
meristem furnishes first of all the actual connecting tissue consisting of 
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wood parenchyma in the Sorm of thick-walled, isodiametric cells, or cells 
somewhat stretched radially, irregularly quadrangular, which appear not 
infrequently with somewhat bent walls (kg). These represent the begin- 
nings of a wood body, which is being formed under slight pressure. By 
their increase they gradually compress all the thin-walled, first-formed 
tissue, retaining the character of phloem parenchyma (ok) and representing 
the first closing of the wound. When the meristematic zone is formed in 
loops, round masses of wood parenchyma are produced, enclosing the brown 
dead cell complexes of the original tissue. Gradually the whole tissue (ok) 
is pressed back between i and a by cells similar in character to those marked 
(kg), which store up starch. 

Under favorable conditions, the scion also participates in closing the 
wound. In the present drawing, a bud is shown with the bark shield, but 
without any wood. The cut £ is a cross section only through the bark 
shield. The bud belonging to this, which must be imagined in the direction 
(o), lies above the plane of the section; in this section only the large central, 
vascular bundle (gb), which extends to the bud, and a smaller one adjacent 
to it have been drawn. The third, smaller bundle, present in every unin- 
jured bud cushion and likewise traversing slantingly the axis of the branch 
on the other side of the central bundle, has been cut away here in removing 
the bark shield; this does not affect the outgrowth of the bud. On the 
other hand, the absence of the central vascular bundle ■will always stgmfy a 
failure in budding. The bark shield with the rapidly d^ing bud bracts can 
grow further without the vascular body but in my experience it has never 
happened that an excessively luxuriant overgrowth tissue from the bu^d had 
formed adventitious buds and in this way compensated for the dead bud. 


To be sure the formation of adventitious buds takes place in many 
bud grafts, as is shown in the following Fig. *o of an herbaceous bark 
graft of Aesculus rubicunda on Aesculus Hippocastanum, but up to the 
present I have found this bud formation only on luxuriant overgrowth 
^dees of the stock. The bark strips (ne) have produced such strong new 

Numerous adventitious buds (o) stand on the edge. 

Tn thp hndded rose (Fig. 199), the whole inner surface of the bark 
shield (F) has already p.duced 

times less, according to the age 0 formed the new 

cells very abundantly, as is s ^ 
structure on the inner side ^ 

and is already distmguishe ^ form^new wood elements, appears in 
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zone of the bud represents an integral part of this. The zone (cc), if traced 
backward, is found to be a direct prolongation of the cambial ring of the 
uninjured axial part. 

If the wound is closed by the coalescence of the different wound tissues 
and the union of their cambial zones, the thin-walled tissue of the wound 
callus (ok) has almost disappeared and has been replaced by actual uniting 
tissue in which groups of porous cells may be often distinguished from less 
porous ones, as mentioned above. As indicated by the bark tip (^-j) the 
wood parenchyma, which takes over the formation of a permanent union, is 
also produced directly and in fact in the angles where the bark strip and 
wood body join, i. e. where the indicating line from kg ends. When it is 
perceived that the bark strips (3 R L) have been so raised by the budding 
knife, that not only the whole cambial zone but also the young sapwood 
elements already differentiated remain attached to them, then it is evident 
that this connecting tissue is a product of sapwood cells already somewhat 
older (not those most recently formed). This tissue is not produced from 
the wound callus (which is never formed in the inner angles) but from the 
division of cells already destined to be wood cells and vessels. 

We have, therefore, three different factors which furnish a similar 
product, the wood parenchyma, already described as the uniting tissue, 
which takes over the process of uniting scion and stock. The first factor is 
the bark strip from the stock, the second the callus of the exposed wood 
body, the third the scion. The momentary strength of the different factors 
determines which one of these three actually produces the union in a grow- 
ing graft or bud. The variations which may be observed are extraordi- 
narily great. The quickest possible formation of wound callus, which takes 
over the temporary closing of the wound, is essential for the success of the 
graft. However, the union becomes permanent only if the cambial zone 
(cc) of the strips {R L) which forms the new wood and which I have 
occasionally called “the mobile wound^aU" occurs in permanent union with 
the cambial zone (c) of the scion, (or bud) and forms wood elements 
remaining in a connected layer. The mobile wound-wall shows the charac- 
ter of the usual overgrowth edge by its cambial zone which is spirally 
twisted on the free side, and distinguished from this overgrowth edge, the 
“fixed wound-wall,’’ by the large, inpushed zone of wood parenchyma {kg), 
which passes out from the fixed wound-wall. The point of union of the 
cambial zones of stock and scion (or bud) is recognizable not only in the 
year of the union but remains so for many years, by the course of the wood 
elements. In the line of union, which extends from c to cc, the elements 
are more or less strongly elongated tangentially, while in the interior of the 
wound-wall they have already assumed the normal vertical arrangement 
and, therefore, in cross section appear actually cut across {hK), thus resem- 
bling the normal wood {hh). If, in the production of this uniting tissue, 
the cambial zone (c) of the scion (or bud) unites with that of the stock (cc) 
to form a continuous ring, it is evident that this ring is not everywhere 
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equally distant from the centre as in an ungrafted or unhudded trunk, but at 
a and cc shows a deep depression, an S-like curvature. This curved line of 
union, Goppert’s "line of demarcation," is visible to the naked eye and is 
noticeable even in the bark covering'. 

In the second, usual method of budding “with a heel," the bud is cMf /com 
the branch with a little piece of wood attached and is shoved into the stock. 
In this the processes of healing vary somewhat from those described above. 
The disadvantage in this method is a retarding of the union ; the advantage, 
however, lies in the increased certainty of preserving the bud. In separating 


the bark shield from the wood body, ■ 

for the purpose of bark budding, the 

actual bud cone' is not infrequently left KIM 

on the branch if its vascular bundle p J 

cylinder has been too greatly lignified. KIB 

The bud on the bark shield then has a 

hole on its underside and does not 

sprout. Untrained workers overlook 

this little hole and bud in vain. 

The same process of healing, as in 
budding with a heel, is found in bark 
grafting. Only in this case the stock is 'Wl® 
more injured since it must first be cut 

square off, then the bark on one side is nb- 

split and somewhat raised for the in- 
section of the scion as is done in bud- 
ding. Instead of the single eye a diag- 
onally cut branch is used, bearing 
several buds. The slanting cut surface 
forms simple overgrowth edges, i. e. 
fixed wound-walls, which unite with 
the mobile wound-walls of the bark 
strips of the stock and the uniting tis- 

sue of its exposed wood surface. In Aescuius, with 

bark grafting {"whip grafting"), how- adventitious Duds, 

stor« tp istesernTtastirmlterTal, since the part of the cross section on 

1 The difference between the 
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of the grafting of Aesculus rubicunda on Aesculus Hippocastanum, taken 
from nature. A few weeks after the grafting the new structures on the 
inner side of the bark strips (»/) of the stock had become so extensive that 
they stood out like wings from the scion and produced adventitious buds (o) 
on the cut surface. 

Copulation and Gkafting. 

In copulation, the lower end of the scion and the upper end of the stock 
are cut slanting, and, when possible, both are of the same size. The two 
cut surfaces are so fitted to one another that the respective tissues of both 
coincide. Thus we have here simply two surface wounds. These form 
complete overgrowth edges which push in between the scion and stock. 
When the manipulation is well carried out and the space between the wound 
surfaces very small, the closing of the wound is so perfect that even the 
microscope can show no spaces between the old wood of the cut surfaces 
and the compressed connecting tissue. Gbppert finds that, in copulation, this 
connecting tissue dies in a young condition without disappearing, while in 
grafting, when the union is complete, it remains for a long time organically 
active. In my experience, no such difference dependent upon the method 
used has appeared in the length of life of the connecting tissue. In older 
cases, holes may indeed be noticed, or brown, decayed masses of dead tissue. 
It seems to me, however, that this would occur in all grafting without any 
distinction as to method used, if the wound by very careful adjustment of 
stock and scion has been closed by the wound callus first produced without 
any subsequent formation of woody parenchymatous connective tissue in 
the union. Copulation may, therefore, retain the value and the universal 
application which it has had up to the present. However, I consider the 
simplest form to be the best and the so-called English grafting, as well as 
Thouin’s methods (Miller, Kiiffner, Ferrari, etc.) disadvantageous or even 
injurious and trifling. 

Cleft grafting may be considered as the most dangerous operation. The 
stock is usually cut off square and split once, or several times, deep into the 
wood. The scion is cut wedge shape and so clamped in the cleft that its 
cambial zone forms the connection between the two parts of the cambial ring 
of the stock separated by the cleft. In case the wedge-shaped scion is not 
herbaceous, it will on both sides produce wound walls from the remaining 
part of its cambium alone. This occurs also on the split edges of the stock. 
The united connecting masses will endeavor to fill out the space in the old 
wood. On an average, this succeeds very rarely; in spite of the grafting 
wax, moisture penetrates into the split from the square cut surface of the 
stock and easily causes decay or allows some fungus to enter. 

The process of grafting naturally does not depend upon the existence 
of a definite cambial zone but will be possible also in monocotyledons. 
Daniel' gives an example of this; he carried out grafting experiments suc- 
cessfully with Vanilla and Philodendron. 

* Daniel, L., Grefle de quelquee Monocutyledones aur ellea-meinea. Compt rend, 
tS99, IL P. 664. 
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In concluding this consideration of the healing processes of wounds, it 
should be emphasized once more that the decision as to the relative value of 
the grafting method used refers here only to axes at least one year old and 
already provided with well developed wood. In grafting the soft wood of 
woody plants, or herbaceous plants, the choice of method may be governed 
by purely practical considerations. In the coalescence usually so many 
elements of the cut surfaces (older bark and wood elements in pith) partici- 
pate in ’the formation of wound callus that a close union takes place under 
all circumstances favorable for the plant body, provided, of course, that a 
sufficient relationship exists between scion and stock. 


The Longevity oe Grafted or Budded Individuals. 

It cannot be denied that, aside from the possible action of different 
peculiarities of the turn grafted parts on one another, grafting influences the 
development of the individual. As Duhamel has already emphasized, the 
tissue changes at the place grafted will at any rate cause a change in the 
conductive capacity. The connecting layer will produce retardation of the 
water conduction and an easier storing up of the descending, plastic ma- 
terials in the part which consists of wood parenchyma, rich in starch, as also 
later when the connecting layer is formed from interwoven prosenchyma 
elements. The results of these changes have already been discussed. 

The limit, up to which different individuals can be united with one 
another to form a persistent, normally functioning organism, as yet little 
understood, may be determined by the fact that, in general, only plants of 
the same natural families can be grafted (or budded) upon one another with 
any prospect of success. According to all previous experience, this would, 
howLr represent the extreme limit. A sufficient number of examples are 
known of cases where members of the same family cannot be united perma- 
ndhtly In fact, varieties of the same family can remain united for a few 
veai/and then in the end break the union, in which case, as a rule, one part 
Ls It is probable that, aside from the material relationship a s.mi ar 
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of the swollen walls of the outermost cells, or caused by the collapse of all 
the cells of the wound edges. Usually on the boundary a cork layer has 
been formed by the suberlzation of the walls of the peripheral parenchyma 
cells or, besides this, by the appearance of actual cork cells. 

In genera which finally unite, as, for example, Iresine on Alternanthera, 
it is found that for whole stretches of the grafted surfaces, the connecting 
tissues grow side by side, cut off from each other by a cork layer. 

Similar cases may be proved in root grafts (Bignonia) and it could be 
observed in cleft grafts of Paeonia arborea on fleshy roots of Paeonia offici- 
nalis that the root, as stock, had served only as a receptacle for the scion. 
This latter had formed roots without any union with the stock. 

Root grafting is in general a Very good method. Even for our fruit 
trees it had been used by Sickler at the end of the seventeenth ( ?) century 
and later Seigerschmldt in Mako recommended it very highly'. Root 
pieces, varying in thickness from the size of a quill to that of one’s thumb, 
seemed suitable, if provided with fine roots. They were cut in pieces eight 
to twelve cm. long, were grafted by copulation or cleft grafted and the place 
of union covered with earth until only two or three eyes extended above the 
soil. Trunks of old seed- or stone-fruits give an abundant material for 
stock, when they have to be removed. Of course, the roots must be very 
healthy. The method of grafting roses on pieces of roots in January or 
February has been adopted already. For Clematis and other woody plants, 
this method of grafting is becoming more and more of a favorite. 

It may be presumed from the very beginning that under certain cir- 
cumstances which condition a scanty coalescence, the life period of a graft 
will be very short. The question, whether the process of grafting in itself 
limits the life period, as Thouin and Gbppert have stated, must be laid 
aside. It cannot be denied that grafted fruit trees, on an average, are 
shorter lived than those grown on their own roots. It may even be granted 
that a dying of the trees, as Gdppert has observed, is initiated in the line of 
demarcation by a gradual rotting of the place of union but it is not credible 
that this process of rotting may be the cause of actual death, or even of 
disease, in grafted trees. It is found, on the contrary, that even badly united 
copulants, which at first may have been simply stuck together on one side, 
can in the end give perfectly healthy permanent trunks. The old places of 
union have the firmest wood. A storm may twist the trees off more easily 
at any other place than at that of the union. Goppert’s observations may 
possibly hold as the rule only in old trunks which have been regrafted later. 
I would explain the comparatively earlier death of grafted trunks by the 
fact that not only better but also more tender cultural varieties are used for 
grafting. These, aside from the disturbances which they undergo in the 
cutting, are in themselves more susceptible to disturbances in growth and 
to unfavorable weather than the specimens grown from the seed, which 
approach more or less the hardier nature of the stock. 

' 'Weiner Obst? und Gartenzeltung 1876, p. 587. 
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Mutual Influence of Scion and Stock. 

In regard to the influence of the stock on the scion, the experience of 
practical powers has shown for some time that apples set on Paradise 
stock retain a lower habit of growth and at times bear fruit even in the first 
year after grafting. In the Doucin the forms become larger and fertility 
begins after a few years, while the scion, on a stock of Pirus Malus, attains 
the usual tree form and bears fruit only after a considerable number of 
years. For pears, the quince and Crataegus, which love moist soils, 
form the best dwarf stock. For exposed of dry positions, Pirus Malus 
prunifolia major, together with P. M. baccata cerasiformis, the cherry apple, 
have been recommended from several localities as stock for apples’. P. M. 
prunifolia, originating in Siberia, is hardy and may be used as a street tree. 
It differs from the variety of P. M. baccata by its conspicuous, retained 
calyx. With the variety of P. M. baccata belongs also P. M. cerasiformis, 
which drops its calyx at the time of ripening. 

Lindemuth states, in regard to the life period of tree trunks, that varie- 
ties grafted on Paradise stock seldom live more than 15 to 20 years, while 
specimens grafted on seedlings of true tree varieties of Malus can become 
150 to 200 years old. Of the remaining literature, we will mention the 
following examples : 

Sour cherries grafted on sweet cherries thrive less well than sweet 
varieties on sour ones*. Oberdieck found that sweet cherries bore abun- 
dantly on sour cherries. 

Treviranus* quotes that walnut and chestnut trees of the late sprouting 
varieties are said never to succeed on early sprouting varieties (according 
to Cabanis, Trait e de la greffe). On the other hand, in seed fruits, this 
method of grafting later varieties on early ones is said to have good results 
and to bring about an earlier ripening of the fruit*. In peaches, grafting 
in itself, whether of early varieties on late varieties, or conversely, seems 
to give good results. Gauthier reported to the Parisian Societe cent, d' 
Horticulture" that he had grafted peaches in August or September on typical 
fruit spurs (coursonnes) , as well as on those which have elongated, both 
late varieties on early varieties, and conversely. The fruits are said to 
become larger because, in the tree which is grafted with a late ripening 
variety, the fruit of the stock can be harvested first and then the tree can 
use its remaining strength to mature the fruit on the branches of the grafted, 
late variety. In the opposite cases, of grafting on late varieties, the whole 
tree becomes stronger because late varieties in general have a more luxuriant 
habit of growth. 

1 Lieb, Pyrus Malus prunifolia major. Pomolog. Monatshefte 1879, p. 130. 

> Lindemuth, Vegetative Bastarderzeugung durch Impfung. Landwlrtsch. 
Jahrbtlcher 1878, Part 6. 

• Treviranus, Physiologle der GewSehse It, 1838, p. 648 ff. 

* V. Ehrentels, fiber die Krankheiten und Vcrletzungen der Frucht- und Gar- 

tenbtlume. Breslau 1795, p. 108 . t, , t 

« Ortglea, Vortellhaftes Ptropten von Pflrsichbkumen. Pomolog, Monatshefte 
V. Lucas 1879, p. 61. 
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An older example from Duhamel* should be mentioned in this connec- 
tion. Almonds grafted on plums and, conversely, plums on almonds, at 
first grow very well but usually retrogress after one or several years. The 
almond has a much more luxuriant habit of growth, sprouts earlier in the 
year and, as scion, forms a strong roll at the place of grafting. It is 
probable, therefore, that such a scion, requiring more water earlier and 
constantly, will thrive on a less luxuriant stock as long as this is able to 
satisfy the young twigs from its reserve store in the trunk. If the grafted 
branch becomes several years old, its needs become greater and, if it cannot 
accommodate itself to the stock, as frequently occurs (dwarf trees of seed 
fruits), it gradually degenerates from a lack of nutriment. The results vary 
greatly, according to soil, amount of water and variety. Conversely, a 
stock which blossoms too early and grows too luxuriantly will supply more 
to a scion, requiring a lesser amount, than this can take up. The super- 
fluous material from the stock is quickly worked over into new structures. 
If many groups of buds are present, this excess manifests itself in the pro- 
duction of long shoots. If, however, as in grafting, most of the lateral 
buds, or eyes, are suppressed, the material remains at the disposal of the 
thickening ring of the trunk. Thus, instead of prosenchymatous elements, 
aggregations of wood parenchyma are formed, which, in the Amygdalaceae, 
easily become gum centres as 1 also have observed. Among the older 
observers, Duhamel reports that almond stock, grafted'with.plum scions, 
will die from gumraosis at the place of grafting. 

Experience has also taught, in the very general practice of grafting 
pears on quince or apples on Paradise stock, that death sets in the more 
quickly for rapid growing scions, the drier the soil and the fewer the roots 
which the stock has developed in it. The scions fail much the more rapidly. 
Duhamel also cites cases when, under such disproportionate need of water 
in scion and stock, even simple transplanting has led to death through failure 
of union (almonds on plum stock), while the little trees of the same series, 
left standing in the nurseries, remain healthy. The pruning of the roots 
in transplanting has decreased too greatly the momentary capacity of water 
absorption in the stock. Peaches on prune stock are also said to give, no 
especially permanent union^. The wood of the scion is said to turn red and 
soon degenerate. I would add here an experiment with the grafting of 
raspberries on Rosa canina’'. Among rubus scions grafted by copulation, 
I found two branches developing on one specimen, one of which bore four 
normal raspberries. In the autumn, however, the scion died and, upon inves- 
tigation, the coalescence was found to have been very slight. On the upper 
part of the surface of copulation, only the stock had developed cicatrization 
tissue. On the other hand, on the lower part of Rosa, as on Rubus, abundant 
wound callus had been formed, showing normal processes of coalescence. 


1 Duhamel du Monceau, La physique arbres 1758, II, p. 89. 

2 Pomolog. Monatshefte 1879, p. 370. 

* Sorauer, P. Rubus auf Rosa. Zeltschr. f. Pflanzenkrankh. 1898, p. 227.- 
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Evergreen foliage seems to be no hindrance to growth on deciduous 
stock. Scions of Prums laurocerasus on Pr. Padus, of Querfus Ilex and 
Q. Suber on Q. sessilifiora, of Cedrus Libani on Larix europaea are said to 
thrive but there is no report as yet as to a favorable growth of deciduous 
wood on evergreen stock. Thouin contradicts the former statement' . 

Of the noteworthy results of Duhamel’s experiments, it should be men- 
tioned here that, for example, the fruit of the winter Christ pear on quince 
had a more delicate, juicier flesh and a finer, deeper colored skin, as con- 
trasted with scions grafted on wild stock. Leclerc du Sablon" observed 
that pears grafted on pears store up less reserve substances in their aerial 
parts than when grafted on quince stock, while the roots are poorer in 
reserve substances. This latter fact might be explained by the greater fer- 
tility after grafting on quince stock. 

It is remarkable that pears and apples, which form so perfect a union 
with remotely related stock, can never, or rarely ever, be brought to form a 
permanent union with each other. Numerous experiments have been made 
in this connection. Thus Knight" reports a case of apple on pear stock, 
which for one year yielded an abundant harvest but died the following 
winter. The fruit is said to have had blackened cores, not containing a 
single seed. Recent observers have affirmed this fact in general, but em- 
phasize the fact that exceptions may occur. Thus Stoll'* reports that apple 
scions took well on pear trees and bore very soon but the fruit was small and 
the graft usually died in the fourth year. The head gardener, Seifert, in 
Segeberg (Holstein) describes a five year old apple graft on pear stock 
which in the fourth year had borne six well developed apples (Ribston 
Pippin). The apples had a good flavor but the crown of the tree had a 
weak growth. I have known of some favorable results from pear grafts on 
apples. In Czerwentzitz, near Ratibor, many examples were found of pears 
which had been grafted on apples. The method was in use at least ten years 
ago. In the first experiment (Geisshirten pear on apple) it was found that 
after the second year the fruit from pears on apple stock ripened two weeks 
earlier than on the main trunk. The scion lived eight years. Less vigorous 
stock gave no good results. Most varieties, to be sure, remained alive but 
made no growth. When the same grafting was repeated on the middle 
branches of the crown, a number of specimens died after two or three years. 
The others lived in a weak condition for some time without setting fruit. A 
note by Gillemot" originates from this period. He had two-year-old pear 
grafts on apple stock and also had grafted cherry scions (Royal Amarelle) 
in the bark of a plum {Prunia inslilila). The scions developed very long 


1 Thouin, Monographic des Pfropfens. Berg’s translation. 18M, p. 114, 

2 Lcclcro du Rablon, Sur I'influence du sujet sur le grefton. Compt. rend. 1903, 
CXXXV. p. 623. 

4 S; DaTvCTedeln'von Birnen aut Spteln. Wiener Obst- und Gartenzeit. 

‘"*'5 Gin^ot. Beltrag zur Veredlung verschiedenartiger Gewachse auteinander. 
Wiener Obst- u. Gartenzeit. 1876, p. 121. 
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shoots and bore comparatively many and handsome fruits in the second year 
but died after bearing. 

Up to the present, such experiments have been repeated on all sides but 
as yet no further desirable results have been attained than those known for 
a long time in regard to the use of dwarf stock. In some cases it was 
evident that the manner of grafting decided the success. Thus, for example, 
Carriere* reports that the varieties of pears Bon chretien Rons, Doyenne de 
Juillet, Beurre Gifford, Beurre Box. did not grow, or died soon after pro- 
ducing weak shoots, if they were budded on quince {greffe en ecusson). On 
the other hand, the results are considerably more favorable, if cleft-grafting 
is adopted and branch tips used as scions. The fertility is unusually great. 
Ligustrum ovaiifolium as stock is also said to behave differently with differ- 
ent varieties of lilac. Only Syringa Josikea is said to succeed when budded 
(greffe en ecussion) while Syringa Emadi persica and others develop well 
only when cleft grafted (greffe en fente). 

Recently special attention has been given this question in the grafting of 
grapes because of the struggle against the grape louse. The number of 
works on this subject is very great, so that we call attention only to a few 
important ones. First of all Couderc* determined, by questioning about 450 
French grape growers, that even the power of resistance of an American 
stock to the attack of the grape louse is usually somewhat reduced by graft- 
ing and also that the different varieties used as scions exercise an influence 
varying in intensity. 

Cases occur, however, in which a very vigorous scion can increase the 
power of resistance. Ravaz’, among others, lays especial emphasis on the 
fact that the stock influences the growth of the scion and also its -fertility. 
We owe to Hotter* precise figures on the changes in grapes, due to the influ- 
ence of the stock. He investigated different varieties of grapes grown on 
vines grafted on Riparia and on self roots of vines of the same varieties. 
Among 9 varieties, 77 per cent, of the juice from the grafted vines contained 
more acid than that from the non-grafted vines, of which 65 per cent, con- 
tained more sugar than those grafted on American stock. These statements 
are directly opposite to those of CurteF, who found the fruit of grafted 
vines larger, the skin thinner and the seeds less numerous but larger. The 
juice was richer in sugar than acid, poorer in ash elements, especially phos- 
phates, richer in nitrogenous elements but poorer in tannin. We have 
purposely cited both observations in order to show how differently the stock 

1 CarrlSre, Quelques obBervatlons i propos fle la greffe. Revue hort. 1876, H, 

p. 208. 

2 From the Welnbau-Kongress of the 16th to 19th of August, 1894 in Lyon; cit. 
Zeltschr. f. P&auzenkrankh. 1895, p. 118. 

3 Ravaz, L,, Cholx des porte-greffes. Revue de viticulture 1895, Nos. 100, 
105, 106. 

* Hotter, E., Her Einfluss dec amerikanischen Unterlagsreben auf die QualitSLt 
des Weines; cit, Centralbl. f. Agrikuiturchemie 1905, p. 625, 

8 Curtel, G., De I’influence de la greffe sur la composition du raisin. Compt. 
rend. 1904. Vol. CXXXIX, p. 491. 
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can act. We find further experiences reported in the Memoirs of the Im- 
perial Department of Health in Berlin. 

Thus, for example, the twenty-fifth Memoir confirms the above men- 
tioned observation that the American vine, when grafted, loses in power of 
resistance to the grape louse, jaundice, etc'. 

In regard to the technic which has come into use in grafting grapes, we 
will follow Schmitthenner’s' statements. He emphasizes the fact that, at 
present, the so-called English tongue grafting is almost universally used. 
This is a form of splice grafting in which the diagonal cut is not long but the 
cut surface of graft and stock have also an axial incision. The scion is split 
and shoved into the cleft of the stock so that scion and stock dovetail. Ana- 
tomical investigation shows that in grafting grapes the activity of the 
cambium is more reduced than in any other form of grafting; the annual ring 
formed after grafting is much weaker than the normal one. The influence 
of the wound is much more considerable than in grafting other woodj plants 
and extends even to the next node, since all the ducts are filled with corky 
tyloses containing wound gum. 

Tompa' had already given detailed anatomical data on grafting grapes 
in a herbaceous condition. However, the grafting of grapes will be com- 
pletely effective only if one uses as stock, not the American varieties, but 
hybrids of those which are adapted to the various localities'. 

Since the end of the last century, the formation of hybrids by grafting 
has been better understood. The best known example is Cylisus Adami 
which is said to have come from the grafting of Cytisus purpureus oh Labur- 
num vulgare and, at times since 1826, has produced on different branches 
sometimes the blossoms of one variety, sometimes those of the other. 
According to A. Braun* the retrogression did not appear until sixteen years 
after the grafting. Laubert" found that retrogressive formation should be 
ascribed to a bud variation, in which the branch form, representing Cytisus 
purpureus, also completely resembles anatomically the true variety. Bei- 
jerinck' found that this bud variation could be incited often by wound 
stimulus. 

The description of a different example was published in 1875*. In an 
English grape house, a vine which had been grafted with Black Alicante was 
re-grafted some time later with threei varieties on the Black Alicante as 


1 Funfundzwanzigste Denkschrift betreftend die Bekampfung der ReWaua- 

Anna. Inatit. amp.,o- 
™ Oer Welngarten usw. Wien und Leipzig, 

Hartlebens Verlag, 1907. 

« Subert!™R!''Anatom? 0 cho und 

““ s" ?dt Sa*.’ Grape Vine. Card. 

Chronl 1876, p. 2l. 



846 


stock. One of these three varieties, together with a small piece of its stock, 
was cut off later. Immediately a sprout, standing near the centre of the 
branch of the second inserted variety (Trebbiano) showed a spur with 
grapes which resembled absolutely the variety (Golden Champion) which 
fiad been removed. On either side of this abnormal spur, the Trebbiano 
stock bore its characteristic fruit. Therefore, no other hypothesis remains 
possible than that the Champion variety, which had been removed, had 
exercised an influence backward into the stock {Black Alicante) and 
through this to the laterally grafted Trebbiano variety. 

Lackner has cited another remarkable and older case‘. He found in 
the garden Palavicini near Genoa, under the name Maravilla di Spana, an 
orange {Bigardia bizarro Riss.) which, on parts of its outer surface, showed 
callus excrescences and corresponding ones in the flesh, resembling in places 
a lemon, in others an orange and sometimes candied lemon peel. It has been 
proved, that this form originated about 1640 when a gardener in Florence 
grafted some stock but the scion did not take. Directly beneath the place 
grafted, however, a branch appeared which bore this very remarkable fruit. 
The blossoms are likewise different, some being white, others red. 

In 1873 the “Revue horticole” published a case in which a Mr. Zen had 
bred new rose varieties by grafting. These varieties remained true. 

Focke’ mentions a white moss rose which had been grafted on a red 
Centifolia. Such a plant developed bottom shoots which bore some white 
moss roses, some Centifolia and also moss roses with partly red petals. 
Besides the roses here described, Pirus, Begonia, Oxyria and Abies have also 
been named as genera in which graft hybrids can occur. 

Daniels found a backward action of the scion on the stock in one in- 
stance in which old pears, grafted on quince, had been sawed off 2 m. above 
the surface of the soil. Branches developed from these naked stumps, some 
bearing normal quince leaves, others mixed forms, between quince and pear®. 
This same author, in collaboration with Jurie, cites similar instances in 
grafted grapes. Of these, however, Ravaz‘ has proved that such variations 
also occur in non-grafted vines. Such cases of interchange occur often; 
there is always a tendency to trace formal differences back to the special 
influence of the grafting, which, in fact, are only variations in luxuriant 
branches. Such variations appear also after severe pruning of the older 
axes. We need recall only the manifold leaf forms on the bottom shoots of 
Morus, Populus, etc., after the trunks have been sawed off. 

The majority of errors occur in grafting experiments on herbaceous 
plants. For this we have also examples by Daniel®, who grafted turnip 

1 Lackner, Einfluss des Edelreiaes auf die Unterla^e bel Orangen. Monatsschrift 
d. Ver. z. Bef. des Gartenbaues v. Wittmark 1878, p. 54. 

2 Focke, Die Pflanzen-MlschUnge. Bin Beitrag zu Biologie der GewS-chae. Bot. 
Centralbl. 1880, p. 1428. 

8 Daniel L. Un nouvel de la grefle. Cempt rend, 1903, Vol. XXXVII. 

* Ravaz, L., Sur les variations de la vigne greflfee; response k M. L. Daniel. 
Montpellier 1904. 

5 Daniel L., Creation des variOWs nouvelles au moyen de la greffe. Compt. rend. 
1894, I, p. 992. 



rooted cabbages on Alliaria and this on the green cabbage. He found mor- 
phological and anatomical differences in the plants produced from the seed 
of the grafted specimens. Under this head belong also potato grafting 
experiments and the grafting of Solanum Lycopersicum on potatoes. In 
regard to the grafting of various Solanaceae on each other there exist very 
many experiments which we have described more fully in the second edition 
of this manual (cf., p. 692 ff). The most thorough experiments, continued 
up to the present time, are those by Lindemuth, whose investigations have 
been considered under the section on Albinism (cf., p. 677 ff). Molisch' 
has repeated earlier experiments and, agreeing with Strasburger and 
Vdchting, has arrived at the conclusion that the production of graft hybrids 
may well be explained theoretically but has not actually been satisfactorily 
proven since, as he says, he and the others had found that scion and stock 
always retain their morphological character. 

We are not able to share this point of view since LindemuthV latest ' 
experiments, as well as those of E. Baur, sufficiently demonstrate the influ- 
ence of the scion on the stock. Nevertheless, bud variations in many cases 
are also found which have nothing to do with the material influence of the 
scion on the stock but are probably traceable to wound stimulus. Arrest- 
ment phenomena of very different kinds, as, for example, increased pressure 
in the bud; can initiate a different development of the young axis. 

The influence of the stock on the scion is a well known fact in horticul- 
ture. W'e will recall only the different effect of the stock on one and the 
same apple variety. Grafted on Uoucin, a stronger wood growth and a 
later fertility was produced, on Paradise stock a lesser wood growth and an 
earlier setting of fruit. No general rule may be laid down. The result 
depends not only on the plant variety but also on the accessory conditions 
(age, habitat, form of nutrition, etc.). 


The Natural Processes of Coalescence. 

Very frequently wc find in hedges the union of two branches, which 
oftentimes have grown toward each other from opposite, directions. The 
same phenomenon may be observed in roots m dense tracts of trees. 

The root fusions can take place in a young stage of the organ at at me 
when the epidermis is still capable of division. According to Franke this 
^ ■ itip luv (Hedera Helix) and the wax flower (Hoya car- 

Tomr In^both of which plants the epidermal cells of two adjacent roots 
groJmward each " 

haTe ffie'’L“nesLnhe connecting tissue produced from the cambial zone 

- _ T.ntna 1896* cit Bot. Jahresber. 1897, 1, p. 155. 

1 Molisch. H., tber mit goldffelb marmorierten Blittern. 

2 Undemilth/H.. Ibid. 1901. No 1. 

Gartenflora 1889. p. 431. . j^r^uraelverwachsungen. Beitrage ^Btolo^e 

3 .Franke, Beitrage z. j; clL Bot, Centralbl. 1882. Vol. X, No. 11, 

a.r Pflanzen von P. Cohn, voi. 
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in two bark-covered roots of older, woody plants. The same process sets in 
here as in the union of aerial organs. The bark on the surfaces of contact 
is sometimes pushed toward the outside, sometimes enclosed like little 
islands: the cambium no longer increases where the pressure makes itself 
felt on the places of contact, but unites from a common layer, enclosing both 
roots. Each year, when properly nourished, this layer forms new wood 

layers above the place of tmion. 

In regard to the anatomical 
conditions in the coalescence of 
tree trunks, we will refer to 
Kiister’s different works"^ and 
will mention here only one rare 
'case which we have observed 
personally. This was found in 
the Ellguther forest, near Pros- 
kau, in a pine ; at several places 
on its trunk a second, thinner 
trunk had grown fast by natural 
in-arching. 

The base of the weaker 
tree had been cut off many years 
before so that the trunk was 
obliged to draw its nourishment 
entirely from the older pine. At 
the time observed, they were 
perfectly healthy, and formed a 
common crown ; only it seemed 
to me that the in-arched, root- 
less trunk bore somewhat 
shorter needles. 

• I possess a piece of the 
trunk of another pine in which 
the tip of a branch, possibly five 
cm. in diameter, had bored into 
the main axis and there disap- 
Fig. 201. Pine from the EMguther forest In P^ared entirely. This is an 

second, rootless one ‘conierteo'by°natura* SO-called “handled 

grafting. trees” 

. c , . . processes of this kind 

arise from the ability of the cambial tissue to form connecting layers between 
different axes. The processes differ from grafting only in the previous 
separation of the cambial layers by the bark of the plant parts; these layers 



Stammverwachsungen. Jahrb. f. wIbh Bot Vni yyytit 
Wo^nd wS ® Pflanzenanatomle. Jena 1903. Gustav FUcW. p^178, sSi?n 



unite later. The bark must have been removed by gradual rubbing. If the 
union of the axes takes place of itself, a connected wood covering is depos- 
ited each year over the place of union. Often rather larger brown pieces of 
dead bark are incorporated in. the surface of the union. This may be 
explained by the uneven formation of the two axes which have come in 
contact. If two trunks, covered with bark scales, touch each other, the 
most prominent places are rubbed down first and unite, while more deeply 
lying hollows do not participate in the union but are enclosed by the new 
tissue. 

In forests and especially spruce and pine tracts, twin trunks are fre- 
quently met with, which, beginning at the base, had united for different 
distances. Less frequent are the cases in which the upper parts of the main 
axes of separate origin have grown together. 

A cross section of the base of a twin trunk often shows three centres. 
In conifers, the middle, third stem has, as a rule, become very resinous. At 


any rate, the top of the main axis was broken off when young and two 
lateral eyes have taken over the growth. Instead of forming horizontal 
branches, these have developed into two top shoots which, after a consider- 
able number of years, have suppressed the dying main axis and finally over- 
grown it. Their overgrowth edges have gradually united so that, finally, 
one single, united cylinder has come from the three axes. 

According to the experiments mentioned under grafting, it may be 
assumed as a definite fact that a union can take place between parts of indi- 
viduals of different kinds. Spruces and firs, apples and pears, with each 
other and on quinces, or almonds and plums, and the like, may serve as 
examples well known to alt. Nevertheless, a limit in the relationship of the 
plants certainly exists here, beyond which actual coalescence cannot ta e 
place in spite of the closest contact and vigorous rubbing. To be sure, a 
whole list of reports on the union of very heterogeneous plants may be found 
in the literature on this subject but a part of these statements is based cer- 
tainly upon erroneous observations' in which union was assumed where only 

overgrowth took place. 

Having so fully described the processes of wound healing, we may here 

without be,® g misunderstood, express the opinion that the apparently 

Tood body of a tree may be caused to take on all imagmable forms if the 

tissue produced from the cambium is confined in some way_ It can be said 
tissue procuce permanently 

in^tfiV^ay of its growth in thickness; it grows over it and can enclose it 
mummies have frequently been observed- 

.andon, 

Masters! Vegetable Teratology 
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kinds of botanical nature curiosities. The one by Ludwig Klein* may be 
the most instructive at present. This seems especially fitted to arouse and 
increase a love of trees by its more than 200 illustrations, made from photo- 
graphic exposures. 

Wound Protection. 

We have already partially discussed natural wound protection in so far 
as it is produced by cork formation. In the wood body of trees, however, 
no cork deposit is found rapidly covering the surface of the wound, but the 
vessels in all such places are filled with tyloses or a gummy substance 
{wound gum) usually easily soluble in boiling nitric acid (dissolved with 
difficulty in the Correae). This is found when healthy wood adjoins the 
dead wood. As a rule, the tyloses are accompanied by some gum formation. 
Both kinds of filling make the wood of the branch stump absolutely imper- 
vious to water and air and quickly close the wound within the period of 
growth. It is evident from this observation that we would do well to thin 
our trees in winter shortly before cambial activity. begins*. 

In a great number of woody plants, the vessels and frequently many 
of the other wood elements are filled with calcium carbonate*. This is 
found, as a rule, in the heart wood and those tissues of which the cells have 
a chemical and physical constitution resembling heart wood, such as the pith 
enclosed by the heart wood and the dead, discolored wood of knots and 
wounds. This filling is usually so complete that, after such pieces of wood 
have been burned, solid calcium casts of the cells are found which had con- 
tained the carbonate. The process may be explained as follows : whenever 
opportunity is afforded, the soil water, containing the calcium in the form of 
bl-carbonate, quickly passes through the wood cells and vessels, and gives 
off carbon dioxid ; it also deposits the calcium, which is no longer soluble, 
as a precipitate on the inner side of the vessels. In living heart wood which, 
unlike the growing sapwood, cannot quickly work over the calcium salt, each 
increase in temperature will cause the giving ofl[ of carbon dioxid and induce 
the precipitation of calcium. In wounds, the carbon dioxid will likewise 
disappear because of the exposure of the tissue. While the sapwood, which 
deposits no lime, protects itself from the entrance of air by the formation of 
tyloses or gum (probably as the result of the entrance of air into vessels 
previously filled with sap) we find in heart wood a deposition of lime as a 
means of protection. 

In the normal trunk, the formation of heart wood occurs first in the 
advance stages; after injury, however, it sets in at once and gives rise to the 

1 Klein, Ludwis, Bemerkenswerte Biluine Im GrosBhcrzogtum Baden. Heidel- 
berff 1908. Winter’s UniversitUtsbuchhandlun?. 

2 Behm, tfber die Funktion der vegetabllischen Gefasae. Bot. Zelt, 1879, p. 229. 
The most abundant literature on the formation of Tyloses may be found in KUster 
E., Patbologische Pflanzenanatomle, 1903, p. 98. 

3 Mollsch, t)ber die Ablagerung von kohlensaurem Kalk im Stamme dlcotyler 
Holzgewkchse. Sltzungi^er. d. inathemat-naturwiBBeDschaftl, Klasse d. k. Akad 
d. Wlssensch. zu Wien., Vol. LXXXIII, No. 13 (1881), 



false heart wood forwation^ which, through the action of fungi and bac- 
teria, can be transformed to heart rot“. 

This attack by micro-organisms has led to the establishment of a num- 
ber of parasitic diseases, whicli, however, essentially arise from disturbances 
in the process of wound healing. As first in importance, we will name 


Wound Gum. 


Prillieux describes this disease as “Gommose bacUlaire," and Viala as 
"Roncet.” The leaves remain green but become irregularly cleft and de- 
formed. In cross section, the wood shows black points and specks which 
enlarge and loosen its structure. Later the phloem separates from the 
xylera. On the cut surfaces from which the disease spreads, clefts arise 
which are infected by saprophytes. Prillieux found that the plant died 
after three to five years. 


The black points in the wood arise from a brown, gummy deposit, which 
fills the vessels and cells of the wood parenchyma and swarms with bacteria 
(motile rods). Prillieux found in an infection experiment, made in May 
in the laboratory, the characteristics of the disease, which bear great resem- 
blance to those of Baccarini’s “Malnaro.” 


Viala and Foex, as well as Mangin, disagree with Prillieux, in that they 
hold that the described phenomena of disease can be produced by very dif- 
ferent causes and are not absent even in healthy plants. 


This difference in opinion was settled by Rathay’, who proved first of 
all that gum can occur in perfectly healthy vines. He found gelatinous 
threads in healthy, one-year-old shoots of Vitis riparia, extending from the 
ducts and composed of gum. The vessels filled with gum ["gum celW’) 
may be seen in Fig. 202, /. This gave the color reactions of the pentoses. 
In Vitis mnifera, V. Labrusco, V. Solonis, V. arisouka. etc., the reaction is 
found only in wood two or more years old. If this process occurred in young 
vines, it could not be observed until July, when the gum is pressed out. In 
the root, gum formation is less abundant. 

As Rathay reports, even in the grapevine, a normal heart wood forma- 
tion may set in finally in plants twenty years old but takes place irregularly 
since scattered places of the inner sapwood are involved in the change and 
produce the brown spots, which Prillieux has desenbed as the syntP‘~ 
Gulmose bacUlaire. When such a brown place, extending backward 


"l»"dt, Centmlbl. fUr 
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K" Shranstalt in Kiortemeubnrg. Wien. 1896. 



thread in the sapwood (Fig. 202, j) is examined, it is found that the broad 
vessels are filled with a brown gummy mass in which are crystalline precipi- 
tates of calcium carbonate (i) ; the contents of the wood parenchyma and 
medullary ray cells surrounding the vessel are deep brown and the adjoining, 
narrower vessels (e) are filled with tyloses. Starch is found only in the 
sapwood ; in the heart wood, instead of the starch, brown grains are found 
which turn to bluish black with ferric chlorid. Stoppages of the vessels are 
not found in the sapwood but only in the heart wood. They are caused 
primarily by tyloses, which occur exclusively ’ii the inner heart wood, while, 
in the outer heart wood ring, stoppage l)y gum or calcium predominates.. 
Often whole rows of vessels in summer wood are filled with calcium, usually 
in the carbonate but at times in the oxalate form (Fig. 202, 4). The calcium 
carbonate, deposited in the youngest parts of the heart wood, is dissolved 
later. In the same way, the great amount of gum in the sapwood disappears 
with the change to heart wood. 

The tissue next to the wound surface in a horizontal wound dies back, 
more or less. In the living tissue immediately underlying this, the vessels 
are stopped up by means of gum, farther back by the formation of tyloses. 
The fact that the vessels have drops and layers of gum only on the parts 
adjoining the wood parenchyma cells, ftfhile the gum is lacking when they 
adjoin neighboring vessels, proves that it is the wood parenchyma cells 
which excrete the gum. The changes which characterize the heart wood 
begin much earlier on wound surfaces than on normal uninjured trunks, 
extending backward, however, only so far as the wound stimulus was effec- 
tive. On this account, it is termed “wound heart wood," by some observers 
"false heart wood” in order to distinguish it from true heart wood. Many 
bacteria are found near the cut surface but not in the deeper part of the 
various centres of heart wood formation, beginning at the wood surface and 
extending as light brown tissue stripes through the sapwood. Since the 
disease agrees in appearance with Gummose bacillaire, it is understood to be 
an immediate result of injury in older parts of the trunk. Thjs wound 
stimulus may act chiefly on the protoplasm of the wood parenchyma cells 
surrounding the vessels; it may be continued further because of the con- 
tinuity of the protoplasm of adjoining cells and may incite the wood paren- 
chyma cells to a premature formation of tyloses. These cells, therefore, 
grow old and die prematurely. The normal secretion of gum, at first very 
abundant, ceases with the formation of tyloses. The process described is 
made clearer by an examination of the accompanying figures. 

In Fig. 202, 2 (an alcohol preparation from a ten-year branch of Vitis 
riparia), j indicates the boundary between two annual rings ; m,m medullary 
rays, g, gum cells, g' vessels with strongly contracted gum contents. At the 
right (Fig. i), are reproduced two gum cells from a one-year-old shoot of 
Vitis vinifera (blue ToUinger) ; their contracted gum contents are seen in 
the centre. Only the inner outline of the cell walls is drawn. Fig. j is the 
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cross section of a brown wood thread from the sap wood of a very old vine ; 

the boundaries of the annual rings; k, a radial, fibrous crystalline 
aggregation of calcium carbonate imbedded in the brown gum mass of a 
broad vessel ; the contents of the adjoining wood parenchyma, of the libri- 
form fibres and medullary ray cells are much browned and those lying 
nearest the vessels tt, are filled with tyloses. 

Fig. 202, 4, shows a vessel in cross section, the adj oining wood paren- 
chyma cells from a dead piece of wood lying under the terminal wound of a 
one-year-old shoot. Besides colorless gum, it contains radially arranged, 
stem-like aggregations of calcium oxalate. The lower figure is that of a 
vessel with the surrounding wood parenchyma from the heart wood of a 
very old grapevine. The vessel is filled with tyloses in which are contained 
crystalline aggregations of calcium carbonate (after Rathay). 

We have cited this case here because, as typical of many other cases, it 
proves clearly that the gum formation is the result of wound stimulus and 
at the same time shows how easily diseases may be listed as parasitic, in 
which is concerned only a subsequent infection by parasites which infest 
wounds. 

This concerns especially herbaceous, fleshy and juicy organs. In this 
connection, attention should be called to a work by Spieckermann', who 
points out especially the resistance of a cork membrane to bacteria and the 
necessity of a definite high amount of moisture in the surrounding air as 
well as the water content of the tissue itself, aside from its specific sensitive- 
ness, in order to make possible bacterial decomposition even on a wound 
surface. 


The Slimy Exudations of Trees. 

In connection with the relation of parasitic infection to wound surfaces, 
already mentioned under “Gummose bacillaire," we will mention here the 
phenomenon where a usually slimy, or gelatinous, and at time clayey looking 
exudation is noticeable very frequently in different kinds of trees, apd even 
in summer remains moist and variously colored. 

According to our conception of the matter, an excessive bleeding of the 
trunk is involved here from wounds which cannot heal. Molisch® has 
proved that a local bleeding pressure makes itself felt in every wound which 
begins to be overgrown. In consequence of the injury, the cambium, as 
well as the parenchymatous elements of the wood and bark, is incited to 
increased activity and cell division. With this is connected such an increase 
of turgor that water is pressed out of the wound often under enormous 
pressure (at times, g atmospheres). 


* .Spieckermann, A., Beitra^ zur bakterlellen WundfS.uInis der Kulturflanzen. 
Landwirtsch. Jahrbtlcher 1902, p. 165. 

2 MoliBch, H., fiber lokalen Blutnngsdrack und seine Ursacben. Bot. Zelt LX; 
cit Just's Jahresber 1902, II, p. 618. 
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If the analyses of the sap from bleeding grapevines are studied closely', 

^ asides small quantities of organic substances, nitrogen, 

phosphoric acid and calcium are also present, i. e. it may be considered as a 
nutnent solution very well suited for infection by micro-organisms and for 
their increase. Ludwig has studied this thoroughly^ In a number of pub- 
lications he describes a white slimy exudation in the oak, birch, Saliceae, etc., 
due to Leuconostoc Lagerheimii Ludw. with which are associated various 
fermenting fungi {Saccharomyces Ludwigii Hans, etc.). A "brown slimy 
exudation" found in apples, birches, poplars, horsechestnuts and other fruit 
and street trees, showed Micro-coccus dendroporihos Ludw., with which is 
associated Torula tnonilioides Cord. Ludwig found a "red slime” in the late 
summer on the stumps of old, healthy beeches and observed in it a filament 
bacterium (Leptothrix?) and Fusarium moschatum. He met with the same 
bacterium in a yellowish white bleeding sap with a gelatinous, granular con- 
sistency in lindens and sometimes in birches. He also found toward the 
middle of April on fresh branch wounds of a hornbeam a milky looking slime 
which contained Endomyces vernalis Ludw. together with alcohol producing 
yeast. In one of his later works” we find mention of mites (Hericia) and 
eelworms (Rhabditis) as animal companions of such bacteria and fungi. In 
the Zeitschrift fiir Pflanzenkrankheiten 1899, p. 13, we find a list of all the 
infesters of slimy exudations which have been confirmed not only for 
Germany but also for the tropics. Of course this list will be constantly 
increased according to whether the micro-organisms, belonging to specific 
localities, have had opportunity to infect the bleeding wounds of trees. 

The organisms here named may be considered to be injurious to trees 
only in so far as their infection delays or prevents the closing of the wound. 
Wounds which have been made by frost, lightning, animals, etc., and intro- 
duce periodic bleeding, form the primary cause of the slimy exudations. I f 
it is found necessary agriculturally to remove such weakening causes, the 
only method possible would be to cut out carefully the diseased places and 
paint the fresh edges of the wound with coal tar. 


1 Ravizza, F., ttber das Thranen dec Weinrcbe usw. Staz. sperimentali 1888; 
clt. Biedcrraann's Centralbl. f. Agrik. 1888, p. 541. According to investigations by 
Neubauer and v. Canstein (Annalen dcr Oenologie, Vol. IV. 1874. Part 4. p. 199) **>6 
sap of the grapevine (gathered in the dry year 1874) which, in its fresh condition, 
is as clear as water, and neutral, but easily becomes clouded by bacterial growth and 
then reacts as an alkali, contained at the time of experiment 2 1304 g. of solid inatter 
per liter of which 0.7408 g. were mineral elements and 1.3796 g. organic substance. 
Tn analysis of the ash gave 10.494 percent, potassium: 1.437 percent, aulfuric acid; 
0188 percent ferric oxid; 2.822 percent, phosphoric acid; 41.293 percent, calcium, 
5 534 percent magnesia; 34,791 percent, carbon dloxid; 2.857 percent, chlorid; 0.810 
MreenrSic^cW in the raw ash. Besides these acids, an organic magnesia salt, 
percent, silicic acio in ine i a succinic acid, oxalic acid and unknown 

gum, sugar, and calciuni , • jj j^nhi and Ghizzoni (Biedermann’s Centralbl. 

S iSi s" :Sii*:ru‘'wh^twu^ 

ofc£tSd"Ind?bl'’eUm';nation of calcium phosphate a yellow 

coloration, had a ^ak^. “W ^["j^tsTr ^urSe uSf Urheier.-tlber das 
yorko;^reni:-«^pir« " Bkume; clt. Zeltschr. f. P«anzen- 
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Root Injuries. 

Having thoroughly discussed the overgrowth processes of the aerial 
axis after all kinds of injury, we can quickly summarize the healing of root 
wounds. They correspond with those of the aerial axis and undergo modi- 
fications only inasmuch as the surrounding medium often interferes with the 
process of overgrowth. For example, if the soil is very moist, the stage of 
callus formation is prolonged, the transformation of the callus tissue to the 
firmer overgrowth edge is slower and 
the possibility of infection by wood de- 
stroying fungi greater. These factors, 
however, become less significant if the 
root wound surface is exposed to the air. 

The influence of light, warmth and dry- 
ness promotes the closing of the wound 
and removes any far-reaching influence, 
from even large wound surfaces, on the 
condition of health of the whole root. 

The best proof is found in much fre- 
quented forests in tlie vicinity of large 
cities where the superficial roots are 
constantly rubbed bare by pedestrians 
and, nevertheless, find opportunity to 
cover the edges of the wound with over- 
growth walls. The adjoining figure illus- 
trates such a root so worn that only the 
first formed annual rings are found to be 
still intact on the upper side. A cross 
section shows that no parasitic wound 
decay has occurred at the wounded 
place; the wood of the lower side is 
sound. 

The wounds produced in transplant- 
ing deserve the most consideration. 

Transplanting is a necessary process, 
which cannot be omitted in any nursery, 
for trade requires the delivery to the purchaser of trees which, after trans- 
portation to a permanent place, exhibit the greatest possible capacity for 
vigorous growth and development. 

In transplanting older trees with well developed tops and extensive root 
systems, a cutting off of the larger root-branches cannot be avoided ; hence 
the great danger of attack by parasitic root decay, which gradually advances 
into the trunk. But even if this danger has been prevented by the painting 
of the cut places with tar, the transplanting of old trees is always a danger- 
ous operation because the activity of the root system is retarded until new 



Fig. 203. A flat-lying root of the 
alder harked by the tread of feet. 
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root fibres may be formed and the top, during this time, must draw water 
from the reserves stored up in the wood body. Because of the mutual 
dependence of the subterranean and aerial axes* it is necessary to cut back 
the top of the transplanted tree, corresponding to the change in the root 
system. The further advanced the foliage of the tree, the more necessary 
is this pruning. In practice, other means for reducing, as far as possible, the 
evaporation of the aerial parts are used, such as, for example, the wrapping 
of the trunk, frequent sprinkling of the top, artificial shade, etc. 

Trees are usually sold from nurseries in a leafless condition but even 
here the quickly developing foliage requires a sufficient supply of water. 
This can be made possible only by newly formed roots. It is, therefore, of 
the greatest importance to deliver the trees in such a condition that they will 
form new roots as quickly and abundantly as possible. This depends upon 
the method of growing the trees and the way in which the roots have been 
cut. The older the root is, the scantier the development of new fibrous 


roots on the cut surface; the larger the cut surface, the more slowly it is 
overgrown and the greater the danger of root decay. R. Ilartig* has thor- 
oughly described this for conifers and deciduous trees. 

On this account, the first rule is to grow the trees so as to avoid as far 
as possible wide spreading, large roots, such as trees usually form when 
developing undisturbed in one place and to produce a root system in the 
form of a ball of close standing, short but well branched roots. This is done 


best by repeated cutting of the roots in the first years of growth. 

Twisting the long tap root is often recommended instead of cutting it, as 
this would avoid decay. The widely, experienced Goppert* holds to this 
view. As a fact, twisted roots develop lateral roots quickly on their convex 
side*. In the water cultures of fruit trees, which I made in Proskau, some 
seedlings of the apple, pear, pine, maple, etc., had curved tap roots because 
they had reached the bottom of the small receptacles and remained there for 
some time. The root tips of other plants were injured when taken from t e 
sand The majority of both kinds of seedlings developed lateml roots 
.much sooner than the uninjured experimental plants, set earlier m larger 
receotacles This circumstance seems practical, as a confirmation of the 
l ew of those who recommend striving for early root branching m trans- 


.Kny L. On correlation in the^owtt, roots and shoots. (Second paper.) 

Annals of:Botany.Voi.xy Na 
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autumn transplanting was attended with much greater danger for the twisted 
specimens. To aid in the removal, the plants were pulled slightly and, in 
doing so, it became evident that the twisted specimens broke very easily at 
the first bend in the root. 

It is, therefore, advisable to cut the seedling tap roots at once at the first 
transplanting, so that several root branches are formed at the root neck; 
those near the cut surface develop new lateral axes in the second year. 

This makes possible not only an increase of the organs of absorption but 
also causes the production of a root ball in which the earth is held between 
the numerous roots. 

Prantl* first studied thoroughly the anatomical changes which occur 
when younger roots, especially the germinating ones, are injured. He found 
in vegetables (peas, horse beans, etc.) that the loss of the tender root tip 
was completely made good by the development of a new one in which all the 
tissue systems participated if the injury took place close to the tip of the 
root. If he cut off the germinating root somewhat further back from the 
apical cell regeneration took place but all the tissues did not participate in 
this, only the juvenile vascular strands. The method of cutting, used almost 
exclusively in general practice, viz: the one injuring the mature tissues, 
does not bring about a regeneration of the root tip; instead of this, callus 
formation by the bark body sets in, thereby covering the cut surface. 

Nemec’s'^ work is even more thorough and comprehensive. 

In contrast to the assumption that true regenerations, in which the part 
removed from the individual is directly formed anew in its original shape 
and with its original physiological peculiarities, rarely occur in the vegetable 
kingdom, experiments show just the opposite for roots. 

It is here only a question of injurying the youngest possible organs. In 
roots, restitution remains limited really to the zone where the cells on the 
whole wound surface (possibly with the exception of the epidermis and the 
outermost bark layers) are still meristematic. As soon as the cells of the 
outermost bark layers, together with the central rows of the sclerome, 
approach maturity, the meristematic cell layers alone, adjoining the peri- 
cambium, participate in the regeneration. It is found further that the vege- 
tative point of a root, of which the meristematic cells externally appear uni- 
form, still possesses a certain specialization. The cells are not equipotential 
and can not produce different tissues under arbitrarily changed conditions. 
Such specific differences are present in the "Statocytes.” The mobility of 
starch grains in these presupposes specific peculiarities of the protoplasm, 
since in different callus-like hypertrophied cells starch grains are also formed 
which at times can be still greater than those of the statocytes and yet, under 
the influence of gravity, cannot be moved easily. The fact that, under the 
influence of a sufficiently strong centrifugal force, they can move cen- 

1 Prantl, Untersuchungen Uber die Regeneration des Vegetatlons-punktes an 
anglospermen Wurzeln. Wdrzburg 187$. 

2 Nemec, B., Studlen iiber die Regeneration. Berlin 1905, Gebr. Bomtrttger. 
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trifugally, proves that they are, nevertheless, specifically heavier than the 
cytoplasm. Therefore, the cytoplasm of the statocytes must have less specific 
weight and must be very fluid, i. e. it must contain very few elements of 
considerable consistency. Nemec also discovered peculiar cytoplasmic 
accumulations in the statocytes of the root cap, which certainly represent 
an especial reaction. 

If a young root is cut off above its zone of growth and not within it, no 
regeneration but substitution takes place, for new lateral roots are produced, 
of which those nearest the wound surface are caused by their geotropic 
sensitiveness to grow down more perpendicularly than if they had developed 
from an uninjured main root. This makes possible the utilization of the 
soil layers for nutrition, which the perpendicular, downward growing main 
root would have traversed'. A fasciation of the lateral roots takes place at 
times after injury, or removal of the main root. Lopriore’ was able to 
produce this fasciation artifically. 

Gnarly Overgrowth Edges. 


One universal characteristic in the overgrowth of wounds is that the 
wood fibres do not always parallel throughout the new structure but are 
often bent and twisted utitil at times they are looped. These variations in 
the course of the fibres form what is termed “gnarly wood.” The adjoining 
figure of the overgrowth cap of an oak branch, from which the bark has been 
removed, gives the best insight into this, The oak furnishes especially good 
examples of a complete closing of large wound surfaces by overgrowth and 
the luxuriance of the uniting wound edge not infrequently brings about the 
condition where, for example,, in sawed off, larger branches, the newly 
formed tissue does not have a flat surface but one more or less strong y 
convex, becoming hemispherical to spherical in form. In overgrowth 
caps small centres arc often found, the so-cal ed gnarl eyes (fig^ 203 
arid which variously twisted wood fibres if) are ^eposhe^. By ^ 
“marl eves ” however, actual buds arc not understood but rather depresseu 
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We consider the curly or gnarly wood only as an extreme case of per- 
fectly normal processes, in the variation of the wood fibres when obstacles 
occur which prevent their longitudinal arrangement in the part of the plant. 
Such obstacles can differ greatly. Each normal branch insertion becomes 
the cause of a change in the course of the wood fibres surrounding it. The 
new formation of wood bodies within the bark, described under bark tubers, 
represents a further cause. Finally, however, we find the most varied 
phenomena of arrestment in the formation of an annual- ring, produced by 
differences in tension in the growing axis. Such differences in tension are 
constantly present and are often strengthened by external influences. Frost 
action, for example, which causes the formation of parenchyma bands, is 


Fig. 204. Gnarlly wood struoture of Uie overgrowth cap of the stump of an oak 

branch. 

of especial significance. Another external cause is the contact of one 
'branch with another. Besides mechanical pressure, conditions of light are 
also of influence; they cause variations in the nutrition of the different sides 
of the cambial ring. Internal processes of growth, as, for example, the 
rapid outpushing of a suddenly broadened medullary ray, are also of impor- 
tance. These can distend the bark into knobs, causing a repression in the 
growth of the adjoining wood layers and the like. All such disturbances 
must change the pressure conditions which the bark girdle in its entirety 
exercises on the cambium and will, fiierefore, influence the development of 
the wood formed from it. We find in the spiral twisting of the wood body 
in every trunk, how greatly the course of the fibres is influenced by the 
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pressure conditions, even in the normal trunk. Our experiments in binding 
a wire ring around a growing axis prove how much the wood fibres can be 
forced from a longitudinal into an approximately horizontal position by 
pressure. 

It is, therefore, the different pressure constantly endured and exercised 
by the bark girdle, which conditions the development and course of the wood 
fibres. Therefore, to explain gnarly wound wood, it is necessary to assume 
a theory of the polarity of the cells and the displacement of like poles as 
represented by Voechting and Maule'. 


Bark Tubers. 

In concluding the chapter on the processes of wound healing, we have 
still to consider the production of spherical woody swellings, nr tuberous 
outgrowths of the bark of trees and (more rarely) herbaceous plant,?. These 
structures are generally called “wood tubers” or ' gnarl tubers. Their 
structure and production differ, thus necessitating a subdivision into separate 
groups. Their character as correlative hyperplasias is their common quality. 
They are to be considered as the counteraction of the organism to previous 
phenomena of arrestment. The arrestment can consist in Ihe cessation of 
the development of a bud or, independent of any bud, can be produced by 
the death of scattered tissue groups in the bark. The dying of dif^rent ce 
groups in the bark body of the woody axes occurs extensively. Frost and 
heat, local increase in pressure and the like, can cause the death of ce 
groups without any injury to the whole organism, which responds, not mfre- 
nuently by an -increased new formation near the centre of arrestment. Ihe 
dead tissue groups are sometimes only encysted by cork layers, sometimes 
also accompanied by cell layers, increasing for some time, ^ ^ 
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than 2 mm. (at least in the hornbeam) above the surface of the bark. After 
a few years of such lethargy, the fibro-vascular body can renew its activity 
and develop into a spherical, oval or even ellipical wood tuber. 

The death of dormant buds occurs of itself after a considerable number 
of years, if not hastened hy external circumstances, since the connection is . 
broken between the part of the bud lying in the bark and that in the wood 
body by the interposition of the wood mantle of the branch which bears the 
bud. The outer part of the bud, covered with scales and lying on top of 
the bark, remains in place for some time; it dries up very slowly and finally 
is thrown off. 

This bud, originally attached to the wood body, can also be loosened by 
the splitting off of its fibro-vascular bundle from the wood of the trunk. As 
a rule, the portions of the bud which project above the bark surface die, 
while its fibro-vascular body, thus isolated in the bark continues to form new 
wood layers and its own bark without the aid of foliage ; it must, therefore, 
draw its plastic material from the surrounding green hark of the trunk. 
This growth may continue for years ; the outer side of the wood tubers may 
die from the destruction of external agents and, nevertheless, the tubers can 
continue to form new wood on the inner side. In the red beech, as in the 
hornbeam, these tubers are produced from adventitious buds. 

Th. Hartig' describes the production of tubers in the red beech from 
preventitious buds. The weak basal buds in the red beech die after possibly 
twenty years inasmuch as the bud stem, lying in the bark, is separated from 
the part of the bud in the wood by the interposition of a completely uniform, 
connected wood layer of the branch bearing the bud. The part of the pre- 
ventitious bud lying in the bark, however; can remain alive for some time 
and leading, as it were, a parasitic life, grow by continued, concentric wood 
formation, into those wood tubers which, as large as peas or hazelnuts, 
project above the bark and are peculiar to the luxuriantly growing beech 
trunk in middle age. 

Dutrochet^ whose personal view is related to the then prevailing bud 
root theory, describes the tuberous outgrowths as bud embryos (meri- 
thalles). Unlike the normal buds of the axis, these arc not inserted on top 
of and between each other but remain without any connection with the other 
bud embryos and their vascular strands and, therefore, do not form a part 
of the axial cylinder. So long as such an embryo, the primordium of an 
adventitious bud, remains isolated in the other tissues, it develops no leaf and 
no bud but retains its spherical form and grows by constantly developing 
new wood layers, covered with their own bark. If this isolated wood body, 
the primordium of an adventitious bud, finally comes in contact with the 
axial body, its own' bark disappears because of the pressure and the wood 

1 Hartig, Th., Vollstandige Naturgeschlchte der foratlichen Kulturpflanzen 
Deutschlands, p, 176. Berlin 1852. 

2 Observations sur la forme primitive des embrynns gemmalres des arbres 
dicotyledon6s, 1837. (Nouv. Mfim. du Mus. d’Hlst. nat. IV). 
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knot forms a real bud, which develops leaves. It now represents a gnarl 

- *'■ * ” 

This theory differs from those developed earlier, inasmuch as in it the 
bud ts consulered the final product of the tuher formation, while in the 
others It IS held to he the initial one. Lindley', who describes the tubers 
mentioned by Dutrochet in the beech, cedar and poplar and who found in 
one poplar- that branches could develop from them, considers them to be 
produced from adventitious buds and cites a further case in old olive trees 
mentioned by Manetti. He says that the tubers (gnaurs) in these trees 
were cut out, together with a part of the bark, and planted and that these 
tubers, which Manetti called Uovoli, gave young plants. Treviranus, to 
whom Morren sent some cedar tubers, confirms in general the structure of 
the tubers described by Dutrochet. He places in the same category the 
phenomena of the isolated vascular bundles (leaf trace strands} in climbing 
Sapindaepae, Calycanthus floTidus and C. pyaccox, some Bignoniaceae, etc. 

Schacht* explains the tubers in the hark of poplars, lindens, beeches, 
etc., as dwarfed branches which have grown in circumference but not in 
length. While Hartig points to the first beginnings of the tubers in dormant 
buds, Ratzehurg* lays stress upon the bark as the productive centre of the 
same beech tubers and says explicitly that they do not extend to the wood 
body. Similarly Rossmiissler' declares that the tubers of the mountain ash 
{Sorbus aucuparia), which he investigated, lie only in the bark and have no 
connection with the wood body; Kotschy”, on the other hand, describes 
bark tubers To to 15 cm. large on the old trunks of the Lebanon cedar, as 
gnarly, woody excrescences, firmly fixed in the bark, which are connected 
with the mother trunk by a few vascular bundles. Masters’ also suspects 
that some of the tubers {ijnaurs or burrs) in the elm, etc., as also in many 
apple varieties, are only aggregations of adventitious buds. 

A work by Krick" reconciles the apparently contradictory theories. He 
has determined that the bark tubers (.Sphaeroplasts) of the red beech de- 
velop in connection with preventitious buds, either separating from the wood 
axis of the trunk, or developing independently in the bark. In the latter 
case the tubers have a woody, cork, or phloem core but never real pith. 

The latter kind of tuber formation which takes place in the bark paren- 
chyma, outside of the primary group of phloem fibres, carries us over to the 
second group of bark tubers in which certainly no bud primordia participate. 


1 Lindley, Theory of Horticulture 198, Translated by Treviranus 1850, p. 87. 

2 Loc. cit., p. 224. 

3 Schacht, Der Baum, 1853, p. 134. ^ * 1,1 j j 1 

* Ratzeburg, Die jStandortsgewiichse und Unkrauter Deutschlands und der 

Schweiz. Berlin 1859, p. 243, Note 1. ■ a • t-, j u 1 i •• 

6 Rossmassler, Versuch einer anatomischen Oharaktenstik des Holzkorpera 
der deutschen Wal'dbaume. Tharandt, Jahrb. 1847, Vol. tV. 'p. 208 

6 Kotschy, Reise In den cilicischen Taurus. Gotha 1858, p. 267. 

7 Vegetable Teratology 1869, p. 247. 

» Krick Frr«ber die Rindenknollen der Rotbuche. Bibliotheca bntanica 1891, 
Part 25; cit! Bot. Zeit. 1892, p. 401. 
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In this we have to mention first Gemet’s' investigations of tuber formation 
in Sorbus aucuparia. He found the dead tubers so loosely attached to the 
bark that they could easily be lifted out with the finger nail while the living 
ones were apparently firmly fixed in the sapwood. Nevertheless, they 
proved to be “completely separated from it and appeared as bodies possibly 
belonging in some way to the phloem because the very reddish color of their 
smooth under end corresponds to that of the phloem.” Most tubers, when 
cut through, show several centres about which complete wood layers have 
developed in 13 to 15 annual layers, provided with vessels and medullary 
rays and agreeing in their cell structure with the wood of the trunk. The 
course of the wood layers was gnarly. The annual rings were almost always 
broader in the under half of the tubers toward the trunk than in the upper 
one, projecting from the trunk. It was not possible to prove any connection 
with a bud. Even when a tuber lay near a wen, no connection could be 
found with any of the many bud cones of the wen. 

Unfortunately, Gernef had no opportunity to study the initial stages of 
tuber development; the youngest stages in his material were tubercles 0.5 
mm. in size, still completely enclosed in the bark, without having caused any 
external protuberance. They lay outside the phloem fibre and were spher- 
ical or ellipsoid and showed several centres about which the wood body had 
already been deposited. This consisted of parenchymatously formed cells 
in which a differentiation of medullary ray cells became recognizable in 
longitudinal sections. The first indications of vessels may be considered to 
be represented by a few cells with large lumina but still lying above each 
other with almost horizontal, unbroken walls and containing' less starch, or 
none at all. The farther all these cells lay from the centre, the more clearly 
noticeable became the lessening of their radii and the lengthening of their 
tangential axes ; their cross section approximated that of summer wood. In 
older tubercles are found at first sharply differentiated a few pitted vessels 
and a clearly recognizable central parenchymatous centre, rich in starch. 
The wood body was surrounded by a cambial zone and its own bark. In 
the upper half of the tubers, cork formation took place at times in the inner 
bark. The outer side of this newly produced cork zone was united, not 
infrequently, with the cork zone of the trunk. The part of the bark isolated 
by such a cork zone (Gemet’s "cork dam”) loses Jts starch grains, becomes 
filled with air and dies gradually so that the outer side of the tuber body 
contains dead tissue. As a rule, the appearance of these cork layers also 
introduces the death of the tuber, which occurs within the next few years. 
The under half of such diseased tubers, as well as that of perfectly healthy 
ones, retains its living bark tissue and the formation of the bark body pro- 
gresses with that of the wood body. From this we may conclude that the 
tuber grows downward and thus its upper part gradually proj'ects above the 
surface of the bark of the trunk by rupturing it. 


1 Gernet, C. v., tlber die Rtndenknollen von Sorbus aucuparia. Moskau 1860. 
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Judging by this, Gernet arrives at the conclusion that, even if he did 
not know the initial stages of the tubers, he must still deny any connection 
between them and the wood body of the trunk and can consider the tubers 
to be produced neither from preventitious nor adventitious buds. 

Having investigated the tubers of apple trees, I can confirm absolutely 
this point of view. For my investigation I had at my disposal tubers vary- 
ing in size from a millet grain to a pea; they came from the base of the trunk 
of a young apple tree, possibly eight years old. The tubers lay in the outer 
bark, from which they could be easily separated. The under side was either 
completely covered with a smooth bark (Fig. 205, i 0) or showed a 
brownish, dry point, without any bark and somewhat depressed {i-k) which 
was surrounded by a green circular bark wall. 

Fig. 205, 2 gives the median cross section of the latter kind of tuber. 

In this we see a median core {2,b) consisting of two phloem fibre 
groups separated by a little parenchyma ; other tubers have only one phloem • 
strand in the core, or two or three isolated cores. Around the bundle are 
deposited cells, parenchymatous in form, with slightly lignified walls and 
arranged radially. It is evident that they are formed after the manner of 
cork cells. At times only a group of thick-walled; brown parenchyma cells, 
with or without starch or phloem fibres, is found in the centre of the tuber; 
yet this is a more rare case. Finally, tubers are formed now and then 
with a small central cavity, filled with the brown remains of cells. 

The radially arranged, circular zone of lignified, parenchymatous cells 
passes over gradually into narrow, thick-walled, somewhat elongated wood 
parenchyma cells, horizontal or diagonal in course, between which he scat- 
tered, short, broad vessels with simple pits (Fig. 205, 2,9 )■ These groups 
are already divided into numerous circles of vascular bundles by approxi- 
mately cubical medullary rays deposited in one to three rows. e 
phenomenon begins here which continues in alternative zones ou to h 
periphery of the wood body, viz: that the elements of the 
Eundle, which lies between two medullary rays, show a J 

that in the adjacent bundle. While the cells and vessels of the one part 
seem cut crosswise (a h"), the fibres of the adjacent part ^ ' 

allv ■ This is found in trunks which have overgrown some con triction and 

be explain^ ..Jy b, the tbeor, Ib.t ita P."> • ,.V“l=d 
Of L ,1 body, which com. .be. the <o« 

Tk demlrL™ ..-owed. »■> «» 

arrangement of the normal wood b^y. j • j j^e annual rings 

Me tte .. » *c 
into spring and summer wood is found, so tnat 
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is a wood body, provided with the peculiarities of the species and isolated in 
the bark ; its elements grow in all directions around one or more elongated 
or short cores. 



The cambial zone {2 c), surroShding the woo<l, annually produces a 
new bark (2 rs) and, in injuries, heals the wounds just as in a normal trunk. 
Such an injury has taken place in Fig. 204,2 since the bark and sapwood 
have been removed from the tip of the tuber by some external influence. In 
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consequence of this a normal overgrowth edge «) completely covered 
with bark is produced which forms the outwardly noticeable circular wall 
about tbe tip of the tuber (Fig. 204, tk). 

The fact, noticeable at first, that phloetn fibres are found in the centre 
of a wood body, leads to the conclusion that the tissue surrounding the 
phloem fibre groups is the place where the /ormation of the wood begins. 
This conclusion is still more strengthened by the structures near the tubers. 
Frequently younger phloem bundles are found here, even at times the very 
youngest ones just appearing from the cambial zone, which are surrounded 
by peculiar, radially arranged cells (Fig. 204,5). In some cases these 
plate-like cells of the "phloem circumvallalion" turn blue with iodine and 
sulfuric acid ; in most cases, however, they turn yellow. This shows that, 
as a fact, the tissue surrounding the phloem group tends easily to cell 
increase. 

The overgrowth of the phloem by cork tissue is in no way restricted to 
the tissues surrounding the gnarl tuber. In the trees I have investigated it 
was found in different places after many an injury. In this, however, the 
cells always have the character of cork cells and serve excellently to cut off 
a diseased phloem bundle from the healthy wood. Any one who has worked 
much with diseased trees know'S how sensitive the bark cells arc which have 
apparently so resistant a structure. Their brown color and the more dis- 
tinct appearance of their layers make it possible to trace the disease deeper 
into the healthy tissue than can he done in the surrounding bark parenchyma. 

The overgrowth of the phloem begins, as a rule, in the cells of the 
phloem sheath and remains limited at times to one side, or at least develops 
more vigorously on the outerside. Similar phenomena, like the overgrowth 
of the phloem bundles, are found also in some parts of the parenchyma. 
Without any reason, known as yet, the pvenchyma here substitutes for the 
core a meristem zone in the bark which increases by growing around the 
centre of fibres, thus beginning the formation of bark tubers. Such tubers 
have usually a somewhat regular structure since the course of the tissue 
elements in several annual rings keeps to the same direction. In a median 
longitudinal section which may be recognized by the fact that ^ 

ravs lie in approximately the same plane, the bent vessels are gut hrough 
their whole length so that they interrupt the dark, parallel wood cell zones 

" drlC [nr-6) .ade from the bark of a healthy one-year-old 

pearll g ve an InterLing contribution to the explanation of tuber orma- 

C We!ee in Fig 206, l, the basal part of a very strong one-year-old pear 
tion. We see 1 g position ; b is the 

shoot of which the buds (a) arese 

one-sided swelhng in the which is turned 

section m Fig. , 5 - ^ and in Fig. 

toward the base of the tw g, ® same letters indicate the 

206, 4 in the j ’tit trk vascular bundles in various 

same parts ; r, the bark, g ana g , en-. 
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stages of development. It is evident that those first formed also become 
smaller at first after entering the axis, m is the pith ; m b, the pith bridge 
of a central leaf trace, of which the secondary bundles are unequally devel- 
oped; m St, medullary rays; hb phloem fibre groups, which compose the 
central core of the wood cord formed in the bark. In Fig. 206, 4 rt is the 
bark killed by pressure and pressed into the trunk by the xylem strand 
formed in the axis of the branch. Fig. 206, 5 3® indicates a xylem strand 
with the beginnings of overgrowth; this is seen to be more strongly devel- 
oped on the outer side. Fig. 206, j 3' is a xylem strand which has not closed 
completely into a wood cylinder. Its formation took place as follows ; cell 
increase began on the outer side of the phloem fibre group in the phloem 
sheath and led to the formation of vascular elements and wood cells. The 
one-sided wood body thus produced is closed by the gradual union of the 
two edges, turned to the centre and growing toward each other. Fig. 206, 
5 c is the cambial zone of a xylem strand already closed internally but still 
pressed into a kidney shape at the place of union. Fig. 206,2 gives a part 
of Fig. 2o6,y g somewhat magnified. 

In Fig. 206, 2 is seen the complete correspondence with the centre of 
the gnarled tuber in the apple, hb is the phloem fibre group ; p, the wood 
parenchyma; g, the vessels; x, short, cross-cut wood cells; x, wood cells, 
extending horizontally from the inner convexity of the wood cord at the 
place where the two edges have united ; m represents the rows of medullary 
rays spread out like grasping arms; c, the cambial zone surrounding the 
strand ; r, the youngest bark parenchyma of the specialized zone of bark. 

The xylem strands (Fig. 206,5) ste, therefore, produced at the base of 
the swelling by an unusually abundant nutrition of the phloem sheath; 
their primordia lie at unequal heights. When enlarging, they compress at 
first the bark tissue (Fig. 206, y) which separates them from each other and 
finally also the tissue lying above them, which separates them from the axial 
cylinder and i^ found later as a brown mass in the centre of the wood body 
(Fig. 206,4 fO- With their entrance into the axial cylinder, the form of 
the xylem strands in the bark is changed; the core becomes eccentric and 
finally pressed back to the tip of the wedge-shaped strand as shown in Fig. 
206, g', 3®, g’. The change of form is, therefore, exactly the reverse of 
that undergone by the normal vascular bundle which enters the bark from 
the axial cylinder. 

Farther out the branch becomes normal’. 

The occurrence of bark-produced wood strands, therefore, explains as 
follows the production of the gnarl tuber. The mature tuber is a wood 
sphere isolated in the bark, of which the upper surface is composed of a 
cambial andAark mantle, receiving its nourishment from the surrounding 
bark tissue. According to the investigations of the above-named scientists, 

1 On the similarity of this formation of the secondary wood with that In the 
Papindaceae compare Sorauer, Die Knollenmaser der Kernobsthyiume. Landwirtach. 
Versuchastatlonen 1878. 
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which need repeating, the gnarl tubers, or tuber gnarls, can develop from a 
dormant bud and are, therefore, originally connected ..with the wood body 
of the branch. In many cases,- however, they ahe produced as bowl-like 
wood deposits around a group of phloem fibres, or some other bark tissue 
group without any connection with the wood cylinder or a bud primordium. 
The tuber is gradually pushed out 'into the outermost regions of the bark, 
which is beginning to form the cortex; the longitudinally clongaled xylem 
strands of the bark, related to the tuber formation, can press back into the 
axial body and become elements of the normal wood cylinder of a branch. 
External wounds in the tuber body are healed by overgrowth, just as in the 
normal branch and there is no reason to doubt that adventitious buds can 
develop from the overgrowth edges as well as from the normal bark of the 
tuber, as has been stated for the olive. 

Mention should be made of the fact that the large spherical swellings, 
produced on oak branches by the overgrowth of places where Loranthus 
europaeus had grown, have also been termed gnarl tubers or heads. Accord- 
ing to our division of the subject, these are not actual “gnarls” but gnarly 
overgrowth edges. 

Tine Tammes' describes as abnormal overgrowths the peculiar conc- 
like processes on Fagus silvatka which usually grow broader on one side 
and overlap. Investigation shows that the stump of a branch is involved 
here, which has been closed by gnarly, hypertrophied wound edges. The 
hypertrophy has been caused by the Severe pruning of the trees on account 
of which a superabundance of plastic material is deposited at the remaining 
centres of growth. 

Peters, in his observations on Hetianthus annms and Polygonum cus- 
pidaium^ gives an example of Ijark tubers in herbaceous plants. The tubers 
produced in the middle bark should be considered as the reaction of the 
plant to wound stimulus. A few cell groups in the bark die and dry up; 
the cavity thus produced becomes surrounded by a cambial zone which 
forms wood on the inner side and bark tissue on the outer. 

Th. Hartig’ mentions examples of tuber formation in roots when 
describing the fact that young aspens occur in great numbers on cleared 
■ tracts where no seed bearing trees had stood for some time. As Th. Hartig 
explains, the little plants owe their existence to the continued growth of 
roots left from long dead and outwardly vanished trees. 

The basis of rool growth in these cases is always a tuber-like woody 
thickening of a weak root strand. The tubers themselves are somewhat 
like those at the gnarly base of old oaks or lindens and those in the bark of 
the red beech ; they are the woody trunk of a dormant eye which, completely 
individualized, lives a parasitic life on the root of the parent plant “like the 
dormant eyes of the American species of pine.” The aspen roots are kept 

> Tine Tammes, fiber eigentumllch gebildete MascrblldunEen an itweigen von 
FaguB silvatica L. Recueil des travaux bot. Neeri. No. 1. Groningen 1904. 

2 Cit, Zeitschr. f, Pflanzenkrankh. 1905, p. 26. 

» Loc. cit., p. 429. 
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alive by these tubers without any growth of the feeding root. As a rule, 
the piece 6f root, bearing the tuber, is found to be dead and decaying a few 
centimeters from the tuber, Andreae' describes gnarled tubers on the roots 
of Ailanthus glmdulosa; they are produced from roots and from brunch 
primordia. 

In connection with this, a structure may be mentioned here which is 
often described as the Club root of bectf but has not yet been sufficiently 
explained. Usually in dry soil there appears near the crown, or a little 
farther down, a spherical swelling covered with cork, resembling the root 
body in structure but differing from it in composition because of a greater 
water, ash and protein content. The vascular body shows that the swelling 
should be considered as the enlargement of a vascular ring of the parent 
root and may, therefore, be considered an offshoot of it probably caused by 
an excess of nitrogen after some injury’. The swelling is not parasitic but, 
because of its porous bark structure and its inert sugar content, is easily 
infested by animal and vegetable enemies. 


Lf.AF I^7USIES. 

In consideration of the fact that the results of injuries appear more 
clearly in leaves and other fleshy parts of plants, we will call attention to 
the conditions whicli we call vjomd stimulus. The first effect of the 
stimulus, which is exercised on the organ by every injury, may well consist 
in a traumatropic deposition of protoplasm in the tissue immediately adja- 
cent to the wound surface. According to .Xestler’s* investigations, the 
protoplasm in the uninjured cells collects on the side toward the wound and 
somewhat later the nucleus move.s toward that side. This ^ " ^ 

stimulus extends a few cell rows into the healthy tissue a ,tuni ' i, 
hours reaches its maximum. After this, a more or less ^"2' ‘ tS n ace 
the normal condition sets in. This change m position seems to take place 

more nuicklv in the light than in the dark, . 

In the Lrae way, the chlorophyll apparatus often undergoes a consul- 

creased if they are poor m carbon-hydrates . 

tlucr aUnorme VVui.elanse.iwellun^i. bd Allantbus .lanaulosa. 

InauBiiral disserlatlon^ Die WurzclUropfl-ikUmg bei dor Zuckerrilbe. 

Ostc^^nSir^ ^ -"‘SS/TlLcredo Indi^no. Cil. Dot. Oomralbl. 
3 Gfscliwin, Le BOitre do la belterare. 

f. Bakt. It, 1905, p. 486. Wundieiz bewirkten Bewesrungsersche.nimgcn 

merat“t, faction of ,, wounded plants. Annals 

« Kicliards. Herbert Maul , ^ rt a nnitsch 

. ^ 

Bot. Ges. XX, 1902, p. 396. 
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or later according to the degree of injury. According to Townsend' the 
hastening of growth becomes evident in 6 to ^ hours after slight injuries, 
while severe injuries at first cause an arrestment before the increase in rate 
begins, which, according to the plant, reaches its maximum in 12 to 96 hours 
and then gradually returns to the normal condition. Krassnosselsky^ traces 
the increase of respiration to an increase of the respiratory enzyme. He 
carries out further Kovchoff’s experiments which show that an increase in 
the whole amount of protein and especially of the nucleo-proteids takes 
place after an injury and then proves (in injured bulbs) that the sap con- 
tains more oxydases than does that from uninjured specimens. The same 
is true of potatoes. 

The subsequent reactions of leaves after injury vary greatly according 
to the species of the plant, the age of the leaf and the time of injury. We 


i 

f 

i 

..Jf 


Fig. 207. Injury to a leaf of L«ucojum v«rnum, -which is being closed by callus 
formation. (After Frank.) 

will content ourselves with discussing the two extremes, viz : the reaction of 
a tough leathery leaf and that of a fleshy one. In the former, Prums 
Laurocerasus represents a case in which a sloughing process of the injured 
cell group is connected with the injury as has already been mentioned under 
the results of spraying with copper. According to Blackman’ and Matthaei* 
either the injured cells alone die, or those immediately adjoining them, 
according to the part of the leaf injured. A brown zone with a lighter 
colored centre is produced around the wound. The epidermis splits in this 
hyaline region and colorless, very thin-walled, cells grow out of the adjoin- 

1 Townsend, C. B., The correlation of growth under the Influence of Injuries; cit. 
Bot. Jahresber. 1897, 1, p. 98. 

2 Krassnosselsky, Bildung der Atmungsenzyme In verletzten Pflanzen. Ber. d. 
Deutsch. Bot Ges. 1905, Vol. XXITT, p. 143. 

® Ber. d. Deutsch. Bot. Ges. 1903, p. 165. 

* Blackman, F. F., and Matthaei, G. L., On the reaction of leaves to traumatic 
stimulation. Ann. Bot XV; cit. Zeitschr, f. Pflanzenkrankh. 1902, p. 61. 
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mg mesophyll. These form a cuticle and thus represent a complete cover- 
ing of t e wounded leaf surface. When this covering is complete, the dead 
tissue IS thrown off. In this the pressure of moist air is taken for granted. 
In other cases a normal peridenn is formed from several cell layers which 
suffices as a protection for the healthy leaf tissue. 

The second case of the healing of leaf injuries, viz : by callus formation, 
is explained by the accompanying figure. It is the cut wound from a cut 
on Leucojum vernum. The wound lay in the open space between the two 
tissues of lamellae / and f \vvvv are the edges of the wound with the dead 
pieces of tissue. The wound cavity is now filled by the callus cells devel- 
oping by elongation from the fresh tissue, which lack chlorophyll and have 
suberized walls. The normal condition of the leaf is represented at the 
left side of the figure where i i indicates a large air chamber; the tissue sur- 
rounding it has not been changed by wound stimulus, o is the .upper and m 
the under side of the leaf. Many fleshy leaves react according to this 
scheme, but their processes of healing vary greatly, depending on the subse- 
quent participation of the process of cork formation. Complete union of 
the edges of the wound can also take place, as may be observed, for example, 
in the cut surfaces of fleshy roots and tubers*. The union is sometimes the 
result of organic coalescence, sometimes only a cementing of the surfaces 
since the cut cells are changed into a gum-like mass by the swelling and 
disintegration of their walls. 

The leaf can under certain circumstances reproduce the part arti- 
ficially removed (regeneration, according to Kiistcr) or form a compen- 
sating organ (restitution*) according to the specific character of the leaf, 
its youth and its distance from the reserve-substance containers. 

Frequently whole leaves, or pieces of leaves, removed from the plant, 
can form new roots and aerial axes. This capacity is utilized for 


Leaf Cuttings. 


The best known and most frequent use of leaf propagation is found 
in begonia culture. According to Hansen*, in the various varieties of 
Begonia Rex wounds produced by slashing the nerves of the leaf lying flat 
on the soil are closed at once by callus. In this way a tuberous tissue is 
formed on the mother leaf from which tis.sue, or that immediately sur- 
rounding it, roots develop; later, sprouts arc formed from the same tissue, 
which, however, do not develop their own roots but are nourished by the 
above-mentioned roots of the callus. Sprouts develop there from one or a 
few cells of the epidermis near the cut rib, sometimes nearer, sometimes 
farther from the wound. In such cells, a horizontal partition wall is pro- 


1 Figdor, Wilhelm. Studien Uber die .'‘S' J'sT 

'‘^‘%lX""wuhelm de7' BlaUspreite v„„ Scolopendrlum. 

^I'HMsen, Ad., VorEuflge Mitteilimg. Flora 1879, p. 254. 
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duced at first and gradually by further division the meristem of the young 
sprout from which a roll differentiates as the first leaf. 

The roots are formed laterally from a few cells lying near the cambial 
zone of the vascular bundle. These, therefore, “endogenously” formed 
roots soon rupture the overlying tissue. As Fr. RegeT states, the roots of 
begonia branch cuttings can also arise from the inter-fascicular cambium. 
This author, who has investigated several other begonias beside Begonia 
Rex with rhizome-like, recumbent petioles, as, for example. Begonia im- 
perialis and B. xanthina, mentions that the formation of buds also takes 
place on the leaf blade near the incisions. After the epidermal cells have 
divided, the underlying collenchyma and the ground tissue are also drawn 
into the new formation and help in producing the mound of cicatrization 
tissue at the place cut. This tissue differs from that of branch cuttings 
only in the fact that here the epidermis participates in the cell increase. 

This activity of the epidermis can become of very especial physiological 
importance immediately after the cut is made since a few of the upper epi- 
dermal cells near the wound elongate like hairs (pseudo-root hairs) and, 
without doubt, develop a root-like activity until the true roots are formed. 

In the adjoining Fig. 208 are shown the new structures on the cut sur- 
face of a larger leaf rib in a hybrid Rex begonia. A indicates the old part 
'of the leaf, B the new structures. At first an abundant callus tissue (c) 
develops from the cut and soon shows an apical growth of its cell rows but 
indicates by the parallel edges of the cork cells that it is in the process of 
transition to overgrowth edges. The endogenously formed new root [w) 
breaks out on the under side of the boundary between the callus and the old 
leaf tissue, while on the upper side, two new bud primordia have already 
been formed. The younger one of these shows at d the meristcmatic tissue 
of the young hud with the epidermis (e). This meristcmatic tissue is pro- 
duced by the division of the original epidermal cells and the sub-epidermal 
tissue. The second bud has been formed earlier at a point lying farther 
away from the cut and already is further developed. The real hud cone (d) 
is already overgrown by a more convex leaf primordium (bl) into which 
extend young spiral vessels (/). The vascular bundle ring of the older 
part of the leaf is indicated at g, while t indicates the vascular bundles 
extending into the new root. 

Kny“ noted that the vascular bundles had become larger on the petioles 
of Begonia Rex, on which adventitious sprouts had been produced. The 
cambium, like the adjacent ground tissue, had continued its cell division, 
whereby the new walls between the adjacent bundles were predominantly 
parallel to the outer surface of the petioles. Kny regarded this as the 

1 Regel, Pr., Die Vermehrunff der Degonlaceen aus ihren Biattern usw. 
Jena’lsehe Zeltschr. f. Naturwiss. 1876, p. >177; clt Bot. Jahresber. 1876, p. 423, 439, 
462, etc. 

2 Kny, L., tlber die Einscballunj? des Blattcs In daa Verzwcigungssystem der 
Pflanze. From "Naturw. 'Wocheiisclirift*' 1904; clt. in Bot. Centralbl. (Lotsy) 1904, 
No. 60, p. 612. 
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beginning of an inter-fascicular cambium which, developing further, would 
have closed the peripheral bundles into a circle. 

From the many observations already made on leaf cuttings, the assump- 
tion is justifiable that the processes described above for begonia may occur 
also in many other leaf cuttings. The foliage shoots develop from more or 
less superficial cells ; the root primordia are produced from the cells border- 
ing the cambial zone apd either break through the old tissue of the cuttings 
or arise from the cicatrization tissue of tlic wound. Variations in the 
different genera are usually unimportant and differences of opinion among 



He.. 

— ..K aio TCntstehunK der adventiven Wurzeln 

1 Belnling, E„ Untersuehunsen ub" InauguraWissertation. 

und Laubknospen an BlattstecKn^ h 
B reslau 1878, p. 23. 
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hand, Hansen^ describes in detail the processes of root and sprout formation 
in Achimenes and Peperomia from the callus. In this only the first adven- 
titious roots are produced from the already existing tissue elements. After 
the callus tissue had increased for some time numerous pro-cambial strands 
showed themselves in the callus, extending in all directions toward the 
surface. Their cells soon changed into tracheae; so that “callus”* is pro- 
vided with a branched system of vascular bundles. Soon the peripheral 
cells of this tissue appear to be abundantly filled with protoplasm; they 
divide and produce a meristera which differentiates, as do the normal vege- 
tative points, and soon an epidermis becomes very distinct. 

In the leaf cuttings of the monocotyledons, the processes of bud forma- 
tion are the same as those in dicotyledons. Magnus* describes bulb cuttings 
of hyacinths. Numerous adventitious buds are formed on the ventral side 
of the cut surface which, in case the bulb scale was still young, are produced 
from an epidermal cell or in older scale pieces from the underlying paren- 
chyma. At first tender knobs of tissue are formed from the dividing tissue 
cells which continue growth at the apex in diverging cell rows; dividing 
dichotoraously. It is, therefore, actual callus. On further developed knobs, 
a circular wall appears, developing into the first sheath-like scale of the 
adventitious bud, while the enclosed apical cell shows growth in diverging 
cell rows. On the bulb scales of Lilium Tigrinum and L. Auratum the buds 
are also formed on the outer edge of the inner side. The rootlets, arising 
on the outer side from the phloem region of the vascular bundles, live only 
a short time since the young plant at once forms independent roots. 

The processes of bud formation in leaf cuttings do not differ essentially 
from the voluntary production of the buds on uninjured leaves on the plant. 
Numerous examples of these are well known*. They have been observed' 
in mosses and ferns', in lilies and other monocotyledons, most numerously 
in dicotyledons. Beijerinck formed as a law for the latter, that the vascular 
bundles of the leaf have an influence on the primordia of the adventitious 


1 Hansen, Ad., tJber Adventlvblldungen. Sitzungsber, d. phys.-med. Soc. zu 
Erlangen vom 14 Juni, 1880: cit. Bot. Centralbl. 1880; p. 1001. 

2 Opportunity is here given to call attention to the fact that the authors Include 
two different conditions under the name “Callus.’*' 

They call tissue callus which is produced from the first cell divisions, and has 
for some time an arrangement In rows; it continue growth, especially at the apex 
ol the cell rows, and lacks all differentiation. 

In the second place, however, the authors, in accordance with general usage, 
understand by callus the structure differentiated from the callus by the production 
of a cork zone, the formation of an inner merlstem Centre and the separation of a 
ground tissue. This structure has already become similar to the tissue from the 
wound In which It is produced. However, the juvenile conditions, distinguished by 
apical growth, should be distinguished from these mature conditions and I propose, 
on this account, to apply the term “callus” only to the first structures, while the 
later stages can be known as “cicatrization tissue.” 

» Magnus, Hyaclnthenbiatter als Stecklinge. Sitzungsber. d. Ges. naturforsch, 
Freunde vom 16 Juli, 1878; cit. Bot. Zeit. 1878, p, 7«5. 

* Beijerinck, M. W., Over het onstaan van Knoppen en wortels uit bladen. 
Nederl. Kruidkund. Archief. Serie IT, Deel III, p. 488-493; cit. Bot. Centralbl. 1883, 
No. 17. p. 112. 

* Farlow, Bot. Zelt. 1874, p, 180.— Cramer, Geschlechtslose Vermehrung des 
Famprothalllums, namentllch durch Gemmen resp. Konidien. Denkschr. d. Schweiz. 
Naturforsch. Ges. XXVIll, 1880. 
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organs. The adventitious buds are always found on the upper surface 
where the woody part of the vascular bundles is turned toward the upper 
side of the leaf ; they are produced in the axes of the ribs and are usually 
more strongly developed the thicker the vascular bundles. The roots are 
produced from the phloem side of the vascular bundles. 

RegeU enumerates the plants on which buds of leaf origin have been 
observed. A few examples may be named here since the buds develop 
their own roots after having been carefully removed from the leaf and, 
therefore, are of importance in propagation. Resides the well known 
Bryophytlum calycinum, which Bcrge“ studied and on which incisions 
between two serrations of tlie leaf develop a meristcmatic tissue in an early 
stage and from this mcristem buds, the following species are noteworthy: 
Hyacinthus Pauzolsii, Fritillaria imperMis, Ornilhogalum thyrsodies, 
Drimia, Malaxis, Cardamine, Nasturtium, Brassica oleracea, Ranunculus 
bulbosus, Chelidonium majus, Levisticum offic., Ultricularia, Begonia quad- 
ri-color, B. phyllomaniaca'. Hansen* mentions also Hippuris, Elodca 
emtadensis and other water marsh plants. Caspary'* mentions Nymphaea 
micrantha and its hybrids. He also cites examples in which an inflorescence 
developed instead of a leaf. In this way the upper side of the petiole of a 
cucumber (Cucumis sativus) was covered with more than 120 staminatc 
blossoms without a single vegetable leaf. 

The success of propagation by leaf cuttings depends upon the indi- 
viduality of the leaf as well as upon the plant species. Very young leaves 
must be excluded because of the immaturity of them tissue systems; very 
old ones because of their scanty life energy and the ripeness of their chloro- 
phyll apparatus. 

According to Idndemuth’s' observations, in genera where the leaves can 
be used as cuttings, the plants thus produced are on an 
than those from wood cuttings. As soon as a leaf has developed a 
roots it may be considered a new individual, even when it is not able 
produce shoots. This arises from the capacity of such leaves to live longer 
Ln unrooted ones and Goebel' could also prove an increased grewth m 
thickness (in Bryophylkim). Lindemuth also observed, in a begonia, that 

^ "ufEntwicWungsgeschichte von Bryophyllum calycinum. ZuriC, 

t Flora 1903, p. 133. 
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Often, however, they are of a concentration which makes possible the 
formation of flower buds. 

In general practice at times' the petiole is used for propagation instead 
of the leaf, in case the leaf itself is too tender. A recent example is the 
propagation of the cultivated forms of Begonia semperfiorens, which is sold 
under the name of Gloire de Lorraine and greatly prized as a winter 
bloomer'. In February the most vigorous leaves are cut off close to’ the 
stem and the petiole set i to 2 cm. deep in sand and peat mold. At a tem- 
perature of 18 to 22 degrees C. these petioles form root balls as large as 
walnuts. Other begonias as, for example, the Rex forms set roots from 
their petioles but almost never develop strong buds. The petioles of cab- 
bage, celery and other fleshy plants behave similarly. 

The flower stems of Primula sinensis may be used successfully as cut- 
tings. Cramer- used flowers with the leaf-like perianth of this plant, in 
w'hich buds were produced in the axes of the reproductive leaves. A case, 
which Bailhm observed, showed that the fruit could also be used as cuttings; 
in this, roots developed from the fruit of a cactus'. The same author also 
cut in two just above the base the ovary of Jussieus sulkifolia. This bore 
two leaflets near the centre, and was cut during and after blossoming in 
such a way that the ovules could be seen ; these cuttings were set in a pot. 
Three weeks later the well-rooted cuttings were transplanted. A small 
branch with scales appeared in the angle of the carpels. The upper part of ■ 
the blossom died and a circular scar was formed*. Irmisch describes root 
formation on the cotyledons of Bunium creticum and Carum Bulbocasta- 
num’*. I have seen root formation in the broken-off cotyledons of beans 
{Phaseolus vulgaris). Carriere found roots on the fruits of Lilium land- 
folium. Beinling" found flower stems of Echeveria which, in moist sand, 
had grown roots. 

Hildebrand' describes a fruit of Opuntio Ficus indica out of which a 
second had sprouted ; both fruits after separation from the plant developed 
leaf sprouts. The same thing happened with blossom buds of Opuntia 
Raffinesquiana. Therefore, each plant organ may be capable of developing 
leaf sprouts by the formation of adventitious buds, provided first that it 
contains enough reserve substances to live for sometime separated from the 
parent plant, and secondly that the external conditions are favorable. A 
summary by Magnus* gives further details together with the theories of 
Klebs, Goebel and others. 


1 Kirst, Vermelirung: der Besonie "Gloire de Lorraine." Prakt. Ratgeber im 
Obst- u. Gartenbau 1906, No. 5. 

2 Bildungsabweicbungen, p. 37. 

3 Vegetable Teratologie, p. 160. 

* Bot. Zeit. 1865, p. 527, from Adansonia, Vol. I, p. 181. 

5 Flora 1858, p. 32, 42. 

6 Beinling, Untersuchungen fiber die Entstchung der adventiven Wurzein und 
Laubknospen an Blattsteckiingen von Peperomia. Inaug.-Diss. Breslau 1878, 

7 Hildebrand, F., tJber Bilduilg von Laubsprossen aua BlUtensprossen von 
Opuntia. Ber. d. Deutsch, Bot. Ges. 1888, Vol. VI, p. 109. 

8 Magnus. Werner, Regenerationsersebeinungen bei Pflanzen, Naturwissensch. 
Wochenschrift 1906, No, 40. 
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Injury to the Foliage. 


apparent in me araoum oi ury suosiance prouucea. me cncci vanca 
according to the amount and age of the leaves removed and also the possi- 
bility of compensation for the lack of foliage by the existing buds and the 
amount of reserve substances necessary for their unfolding stored in the 
axis. 


The results of partial or entire defoliation must naturally become 
„j,j,arent in the amount of dry substance produced. The effect varies 
according to the amount and ^nrt aU.i the nnssi- 


in the 

The annual reports on forestry give sufficient examples for forest 
trees. It is not necessary to go further into this subject here since each 
separate case must be judged for itself. In the numerous injuries due to 
caterpillars, for example, the amount of injury depends upon the time and 
duration of the eating. Reference should be made, in this connection, to 
Ratzeburg’. He describes, in detail, the influence of defoliation on the 
annual ring formation of spruces and pines and treats later of deciduous 
trees". Cieslar’s* experiments show that the anatomical structure of a 
wood ring, produced after extensive defoliation, was changed (it became 
much more tender) . Under certain circumstances the vessels can be entirely 
lacking* in wood produced after defoliation. Hartig' had already jiroved 
that a decrease in number of the vessels goes hand in hand with the decrease 
of foliage. Kny“ had already touched on the .subject that under certain cir- 
cumstances double annual rings can be produced. Wieler’ showed by 
experiments that the boundaries between spring and summer wood can be 
. entirely effaced by changes in nourishment. 

Such effects can also occur in fruit' trees and often manifest themselves 
in the yield. In only a few cases can a partial defoliation prove to be a vis- 
able agriculturally as, for example, in grapevines, if they constantly produce 
new foliage shoots which use up the supply of nutrition necessary for 

maturing of the grapes. 

Among annual and biennial cultivated plants, beets come especially 

in I- ‘ 

r::. » 

r Ratzeburg, WalUverderbnis, I, P- 100, '234. etc. 

Form des der Holzgewachse. Ber. T>. Bot. Ges. 

'“'’'’rHirtig, B.. in,er Dickenwaehatum und Jahrringbilduog. Ct. Zeltsehr. t. 

^"“Teri.and?'d"'BoL V. d. Prov. B’*.'“''"*Jl„daren DScRenwachstum und 

: ttber Beziehungen zwmehen^dem ,, 

f BmtT fzSSnbau. 190 S, Ko. 20 . 



per cent, less than in the undisturbed beets. Aderhold’s* experiments with 
roots and grain gave similar results. It was found in grain that the length 
of the heads was strongly affected, irrespective of the reduction of the whole 
harvest. 

Nevertheless, one’s fears should not carry one too far, nor should slight 
losses of leaf substances be considered of too great importance as has 
recently been estimated by mahy,- pathologists in judging the injury due to 
fungi. It must not he forgotten that *he parts of still vigorously growing 
leaves, which have lost some of their lamina, are excited to increased effort, 
as I have proved experimentally". Boirivanb’ found, in fact, that after the 
removal of leaf blades the petioles and stems participate to a greater degree 
than usual in the assimilation and that their parenchymatous tissue can 
begin to elongate and increase. 

1 Aderhold, R., tJber die dureh teilweise Zerstorung des Blattwcrkes der Ptlanze 
zugefuglen Schaden. Prakt Bliltter t. Pflaazenbau u. Pflanzenschutz. Ill Jahrg-. 
1905, Part 2. 

2 Sorauer, P. Studien Uber Verdunstung. Forsch. a. d. Oebietc der Agrikultur- 
physik. Vol. Ill, Part 4-5, p. 109. 

3 Boirivant, A., Sur les tissu assimllateur des? tiges privies de feuUles, Just’s 
Bot. Jahreab. 1S98, II, p. 281. 



SUPPLEMENT. 


Page 307. New investigations on Chlorosis been published by 
Molz (Die Chlorose der Reben, Jena 1907, G. Fischer). In confirmation of 
the theory, which we have expressed, a lack of oxygen for the roots may 
actually be considered as the cause. On this account low positions, where 
water flowing from higher ground can collect, are the most dangerous. In 
heavy soils the development of the root system suffers from this. Lime 
itself cannot produce chlorosis but soils rich in lime cause especially the 
death of the roots, since they are often very fine grained and can produce an 
alkaline reaction. Therefore, we may speak of a calcium chlorosis. Con- 
tinued drought, as well as cold, can also produce chlorosis. Worth consid- 
eration is Molz’s theory that the weak constitution of a chlorotic plant can 
be carried over by the wood used for propagation. The disease can either 
be inherent in the cuttings from the beginning, or "certain disadvantageous 
circumstances from outside, resulting from an inherited, strong predisposi- 
tion, can cause the production of the icteric phenomenon and its results.” 
A permanent cure cannot be brought about by iron sulfate. At best only 
the symptoms will be removed and it is probable that the greening of the 
leaves is not caused by the iron but by the sulfuric acid. 

Page 335. Molz studied dropsy in grape cuttings (Bericht der Kgl. 
Lehranstalt zu Geisenheim a. Rhein, 1906). The cuttings had stood for 
some time in damp soil. They were swollen up like clubs in different places, 
thus splitting lengthwise the outermost tissue layers. A white, spon^ tissue 
became visible in the gaping wound, which consisted of hypertrophied bark 
cells. Molz considers the disease, which is not uncommon in moist vine- 
yards, to be identical with that in Ribes aurcum described by Sorauer. 


Page t4S. Black specks are found in tlie one-year-old shoots of Vitis 
vinifera and appear somewhat raised. Molz (Centralblatt f. Bakt II. Vol. 
•XX 1908 Nos, 8 und 9) describes these as small, round knobs of a blunt, 
conical fo’rm (“bark warts”), which may be considered as a compensation 
for the lenticles not found in VUis vinifera. Each one has a stoma on its 
tip which dries up rather early. This drying extends to the neighbonng cell 
groups and advances until halted by the formation of a protecting cork 
layer. The stronger and better nourished the tissue is the more quickly the 
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protecting cork is produced. Poorly nourished shoots produce no protect- 
ing cork and on this account bear especially large and numerous bark warts. 
These black specks, therefore, furnish a standard for judging the degree of 
maturity of the wood and the health of the vine. The more numerous and 
the larger they are, the less mature in general is the wood. 

Page 378. In Geisenheim, Julie Jager observed a wen formation of 
the apple tree (Zeitschr. f. Pflanzenkrankh. 1908). The cause has not been 
sufficiently determined, but is probably to be found in some disturbance of 
nutrition, which manifests itself in the widening of the. medullary rays. 
Some medullary rays in their primordia show a greater cell increase and 
widening of the individual cells. The process is connected with the forma- 
tion of gnarl spikes from the medullary excrescences in Ribes nigrum and 
Pirus malus chinensis, which we have described. 

Pages 391 and 395. The iron spotted condition of potatoes was unusu- 
ally wide-spread in the wet year of 1907 and connected with it appeared a 
yellow to brown discoloration in the vascular bundle ring. This discolor- 
ation, in common with a frequent diseasing of the stem end, in which at 
times a Fusarium was concerned, has influenced Appel to explain the 
so-called leaf roll disease, a form of the curling disease, as a fungus epi- 
demic. Appel maintains that the Fusarium, found at the stem end, grew 
during the winter through the vascular bundle ring into the eyes of the 
tuber and caused the following year an increased occurrence of the disease 
and a gradual destruction of the potatoes. The same theory has been 
advanced by Reinke and Hallier, only they have made another fungus 
responsible for it. Sorauer proves (Intemationaler pbytopathol. Dienst, 
Stuck 2, 1908) that the Fusarium, to be sure, may be found frequently but 
that other slime fungi appear just as often ; that all fungi could never be 
observed to be growing in the vascular bundle ring of the tuber up to the 
eyes. It is not a question of a fungous disease and its continuance through 
the tubers into the following year. The phenomena of discoloration in the 
tuber may rather be explained by the increase of the enzymes which Prof. 
Gruss has proved to have accumulated especially about the stem end. Con- 
sequently, a relatively larger amount of sugar would be present, which 
would form an especially favorable substratum for numerous micro- 
organisms. 

Page 496. The influence of electricity on plant growth was tested at 
the Hatch Experiment .Station of the Massachusetts Agricultural College 
(cit. Z. f. Pflanzenkrankh. 1908). Raphanus sativus was used as the experi- 
mental plant. It showed a hastening of the rate of growth and an increase 
in weight of foliage and roots ; the leaves, however, were a lighter green and 
were inclined to leaf blight. The electric stimulus seems to act on the 
organs in the same way as does a lack of light. 

Gassner (Berichte d. D. Bot. Ges., 1907, Part i) can confirm the results 
of Lowenherz's experiments mentioned in the text. The curvature produced 



by the action of the current, which could be observed in all plants, did not 
always remain the same. At times it was toward the negative pole; in 
other cases, toward the positive pole. 

In opposition to the cultural experiments with barley, published earlier 
by Lowenherz and confirmed later by Gassner, w'hich prove an injurious 
effect of the electric current, the first named author now reports favorable 
results (Z. f. Pflanzenkrankh. 1908, Part 1). With a weaker current he 
found a hastening of the growth of a seedling; the injurious action began 
only with an increase of the current. 


Page 524. In the reports of the Hatch Experiment Station of the 
Massachusetts Agricultural College (cit. Z. f. Pflanzenkrankh. 1908) may 
be found observations on the leaf blight of conifers and other evergreen 
trees as the result of winter and spring frosts. The trees show the blight 
usually only on one side, which corresponds to the prevailing direction of 
the wind. If dry winds blow with a high temperature at a time when the 
soil is still frozen, the plants cannot find sufficient compensation in the 
frozen soil for the increased transpiration and the leaves dry up. This is 
the same theory which found expression earlier as explanation for the drop- 
ping of pine needles. The native conifers suffered less, in case they did not 
stand on unfavorable soil, when compared with the imported varieties of 
Picea, Abies, Juniperus, Taxus, Buxus, etc. 


Page 675. According to .Stocklasa's investigations, Ueber die glykoly 
Hschen Enzyme in Pfiamenorgamsmus, 1 . f. physiol. Chemie, Vols. 50 and 
SI 1907, the anaerobic respiration is an alcoholic fermentation “ 

Lrtaffi amount of lactic acid has formed together with alcoho and carton 
dioxid This holds good also for frozen organs (beets potatoes, ttc.). 
Zvies and lactacidases are, therefore, not destroyed by the freezing^ 
Sctic acid, alcohol, carbon dioxid, acetic and formic acid are 
by enzymes in living 

hexoses by procured from pure plant juices by 

ation of bacteria. j,,;. author found fermentation enzymes which 

absolute alcohol fennentation in the glycose solution; 1.1 

Cr-s wir::sy access of oxygen definite amounts of acetic and 

formic acid are always formed, 7 ,;,.rhr £ 

Zucherindustne u. Landw. ran , ^ 

(...r fc to, .nd «.P- 

dTOlopmoilal «e md ^ ,1,^ Tde 
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substances gave a relative Qtassium and phosphoric content was 
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Page 717. For the diseases of the horseradish, we have referred to 
our detailed article in the Zeitschrift fiir Pflanzenkrankheiten, 1899, p. 132. 
It is stated there, "The forms of disease mentioned appear to me on this 
account only as a great increase of a wide-spread tendency to gummy 
degeneration . . . because in the production of the masses filling the 
vessels' the liquification of the secondary membranes cooperates in certain 
cases.” This theory has been shared recently by A. Sthleyer (Der Anbau 
des Merrettichs usw. cit. Biedermanns Zentralbl. f. Agrik., Part 8, 1908). 
He says, “In my opinion, the turning black is conditioned by the fact that 
the Pentosane and the sugar in the horseradish degenerates into gum." 
Experiments also confirm the theory that lime should be used as a remedy 
(since humic acid is often present in the soil). When the plants were 
cultivated in nutrient solutions, some of which were made lip with calcium, 
others without it, the gummy degeneration of “the sugar” could be proved 
very soon in the plants Which did not have calcium. 

Page 718. ' The subject of the injuries due to the gases of smoke and 
other industrial waste substances is beginning to be separated as a special 
branch of general pathology and is represented by a special publication. 
Since 1908, there has existed the “Sammlung von- Abhandlungen fiber 
Abgase und Rauchschaden” edited by Prof. Dr. Wislicenus, who has already 
given in the first part a comprehensive description “Ueber die Grundlagen 
technischer und gesetzlicher Massnahmen gegen Raucbschaden.” 

Recent investigations by Haselhoff (Z. f. Pflanzenkrankh. 1908) treat 
of the action of sulfurous acid on soil. The experiments show that vege- 
tation is not injured if the soil contains such amounts of decomposable 
bases (especially calcium) that the sulfuric acid, formed from the supplied, 
acid, is combined. The case described by Wider of soil impoverishment in 
the presence of free acids in the soil may be found very rarely (perhaps in 
forest soils). If, on the other hand, sulfurous acid is introduced into the 
soil during the growth of the plants so that it shows an acid condition, dis- 
turbances in growth become clearly noticeable. In soils containing copper, 
the copper is carried over into easily soluble compounds of the sulfurous 
acid and this dissolved copper can then become injurious to vegetation. But 
even here calcium carbonate helps since it arrests the dissolving action of 
the acid. 

Page 761. The occurrence of a disadvantageous effect of Bordeaux 
solution on the yield, which we first observed, has been confirmed by recent 
experiments of v. Kirchner (Z. f. Pflankrank., Part II, 1908). The author 
takes the older literature also into consideration. Probably the shading 
action of the solution should be made responsible for the lessened yield. 
This would explain also the rapid turning green o'f leaves with strong 
illumination. The greater amount of starch is not to be ascribed to 
increased assimulation but to a decreased removal of the assimilates. 



page 765. Kelhofer (Inteinat. phytopath. Dinest, i(jo8, Part 3) has 
reported some points in regard to the making of Bordeaux Mixture. The 
effectiveness of the mixture depends not only on the quality of the materials 
used but also on the proportionate amounts of the two elements and on the 
method of preparation. 

In regard to the proportionate amounts, it should be emphasized that 
the copper precipitate loses its physical properties the more quickly and the 
danger of washing away by rain is the greater the more calcium is used in 
preparing the solution. According to Kelhofer’s experiments, it is further 
desirable that the copper vitriol solution and the lime milk are mixed when 
cool and in the most dilute condition possible and, on this account, the 
copper solution must be poured slowly into the lime milk; otherwise the 
precipitate assumes a powdery form which conglobates. Although the 
addition of sugar is to be recommended in general, care must be taken not 
to use too large amounts since the copper solution thereby may be more 
easily washed away. At any rate the amount of sugar necessary to make 
the mixture keep depends upon the amount of calcium, inasmuch as solu- 
tions prepared with a good deal of calcium need more sugar. Thus, for 
example, when using i, 2 and 3 kg. calcium, to 2 kg. vitriol to each too liters 
of water, 20, 30 or 40 gr. of sugar have been found necessary in order to 
protect the copper precipitate permanently from decomposition, 1. e. for at 
least a year. In common usage, where, as a rule, plenty of calcium is used, 
it is advisable to take on an average 50 gr. sugar for each hektuliter. With 
this addition the whole amount of Bordeaux mixture needed can be pre- 
pared at the same time in the spring at the beginning of the season; the 
mixture will then keep through the summer. 

Page 772 The investigations of Rudolph Friedrich (Ueber die Stoff- 
wechselvorgange der Verletzung von Pflanzen. Centrnlbl. f. Baktenologics 
etc II Vol XXI, p. 330) have confirmed the observations of Zalesk, and 
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Experiment Station at Geneva). No beneficial effects could be determined. 
On the contrary, the plants were very evidently injured. Knobby swellings 
were formed on the axes; the leaves became sickly and the root system 
less developed. 

A confirmation of my personal studies on the processes after girdling 
may be Tound in Krieg’s contributions on callus and wound wood formation 
in girdled branches and their histological changes (Beitrage zur Kallus- und 
Wundholzbildung geringelter Zweige und deren histologische Veranderun- 
gen. Wurzburg 1908, Nubers Verb). The observations on Vitis are new 
in that the formation of new structures as a result of girdling were proved 
in the pith, although the pith had not been injured at all. This fact is 
important because it shows that the wound stimulus, or the changes in tissue 
tension setting in after each' injury, manifests itself in regions far distant 
from the wound surface and separated from it by firm wood zones. This 
makes better understandable the changes in the pith body due to frost 
injuries in which the wood ring shows no disturbances of any kind. 

The formation of wound wood in the pith of Vitis was observed by 
Krieg, who ascribes it to the action of the products of decomposition of the 
woody part killed by the girdling. This wound wood consisted of parenchy- 
matous aggregations resembling pith spots. These were enclosed by a ring 
of cambium. The ring lying within the pith bark developed wood with 
numerous vessels toward the inside and sieve tubes toward the outside. The 
other pith spot, adjacent to the pith crown, formed the sieve tubes from its 
cambial ring toward the inside and wood toward the outside. The corre- 
sponding parts of both new structures united later with the respective parts 
of the overgrowth edge. In the meantime, the plant had replaced the wood 
already killed in girdling by the formation of new wood and sieve tissue 
in the pith. 

Page 825. We owe varied and careful experiments to Elsie Kupfer 
(Studies in Plant Regeneration. Dissertation of Columbia University, New 
York, 1907). Of these,'’we will emphasize first the experiments on root 
cuttings of Roripa Armoracia. Pieces of the root laid flat in the soil formed 
new shoots from the cambium of both the upper and under cut surfaces. If 
bark and cambium had been cut away, sprouts developed after a preliminary 
callus formation at different places near the vascular bundle and more 
abundantly at the upper than on the under end. The capacity to form 
sprouts, which otherwise is peculiar to the cambium, therefore, extends in 
this case to the callus tissue newly produced as a reaction to wound stimulus. 
Longitudinal sections of roots of Pastinaca saliva, which were laid hori- 
zontal in sand, developed new sprouts on both cut surfaces near the cam- 
bium. In isolated pieces of bark, sprouts were produced on the inner side 
and roots on the outer side. The isolated central cylinder' formed only 
roots. 

The experiments with potatoes are very instructive. If any eye at all 
was left uninjured on some aerial shoot, this developed an aerial tuber. If 



